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How Shell Chemical serves 
the surface coating industry 


Shell Chemical has maintained for many years an active program 
of practical and theoretical research in oxygenated solvents and 
Epon® resins for surface coatings. 

The result has been a better understanding of the effect of 
solvents on film formers—leading to superior performance and 
greater economy in surface coating formulations. 

Epon resins are still another important outgrowth of Shell 
research. Surface coatings based on Epon resins are among the 
hardest, toughest, and most resistant to the attack of chemicals 
and corrosion ever developed. 

Shell Chemical’s Technical Service Laboratory offers you assist- 
ance in solving surface coating formulation problems. Write or 
phone your nearest Shell Chemical district office if we can be of 
assistance. 


SHELL CHEMICAL CORPORATION 


INDUSTRIAL CHEMICALS DIVISION 


Atlanta Chicago Cleveland Detroit * Houston Los Angeles * Newark New York San Francisco 
IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited, Montreal * Toronto * Vancouver 
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Armco 

watt =ALUMINIZED STEEL TYPE 2 

weatherproofs processing vessels 
HAG at low cost 


Special hot-dip aluminum-coated steel proves economical for durable 
jacketing of vessels in chemical plants, refineries, and power plants 


Bi bs Armco ALUMINIZED STEE: Type 2 is being used for weather 

shields on reactors, coke drums, cracking units and boilers in 
plants from Texas to New Jersey because it provides an 
unusually useful combination of properties. 

Hot-dip coated with aluminum by a patented Armco process, 
Type 2 ALUMINIZED STEEL has excellent resistance to atmospheric 
corrosion. Its lasting durability is proved by 20-year exposure 
tests and long-time plant service. In addition, it has the rugged 
strength and rigidity of steel that gives weather shields dependable 
performance and added safety. Bonus advantages that make 
ALUMINIZED STEEL especially suitable for these applications are 
its ability to reflect radiant heat, its resistance to fire damage, 
and the fact that its attractive surface needs no paint. 

For these reasons and on the basis of its performance, 
plant engineers specify ALUMINIZED STEEL Type 2 as standard 
material for jacketing applications. 

Let the multiple advantages of this special hot-dip 
aluminum-coated steel work for you in the equipment you make 
or buy. For complete information, write Armco Steel Corporation, 
2489 Curtis Street, Middletown, Ohio. 


ARMCO STEEL 


\ameg Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 
\V/® Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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These BIRDs 
are the most useful 
SOLID-LIQUID SEPARATORS 
of them all! 


Find out what this BIRD Continuous Solid Bowl 
Centrifugal can do in terms of your own solid- 
liquid separating problems. 

It comes in seven sizes each size subject to 
twenty-five design variations, depending on the 
job. 

Separating force can be gentle, or as high as 
3000 g. 

Capacity can be as low as 0.25 cu. ft. or less per 
minute or as high as 60 ft. or more, on coarse 
materials. 

Operation can be pressurized if desired. 

Feeds can fluctuate in volume or consistency. 

Solids can be coarse or fine; feeds can be thick 
or thin, hot or cold. 

In a word, the BIRD is built to fit the job. The 
Bird Research and Development Center offers 
complete test facilities and an expert staff devoted 
to solving solid-liquid separation problems. 


BIRO MACHINE S 


50" YEAR 


F SERVICE TO INDUSTRY 


vidual machi write: 
Bird Continuous Centrifugal Separators ‘4 : 
+ Bird-Prayon Continuous, Rotary, Horizontal Vacuum Filters COMPANY 
« Biid-Young Single Cell Rotary Vacuum Filters 
South Walpole, Mass. 

Bij d Horizontal Tank, Vertical Leaf Pressure Filters | Offices: 

Bi d-Humboldt Screen Type Oscillating Centrifuges Hlinois 

Bird Suspended Centrifugals * Bird Centrifugal Classifiers Walnut Creek, California : 
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THE ECONOMICS OF STEAM TRAP SELECTION 


When is the first cost the last cost? 


One way to find out is to examine the service records of steam trap 
installations. Start with a new installation, then learn how long the traps 
remained in service before they had to be replaced. 


At replacement time, was the same brand specified? Or was it found to be 
inadequate, and a better trap substituted? If substitution was made, why 
didn’t the buyer choose the better brand in the first place? 


First cost is last cost only when useful service life, not initial price, 
is the primary consideration. ST-101 


)ICHOLSON 


OF WILKES-BARRE 


W. H. Nicholson and Co. « 16 Oregon Street * Wilkes-Barre, Pa. 
Distributors in all principal cities 
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Chemico Gas Scrubbers in 415 Installations 
Frovide 90-99.95% Removal Efficiency 


“It is unpleasant at best, and can be fatal,” is the 
sum-up by at least one expert about air pollution. 
The question generally posed is simply, “What can 
be done about it?” 

The chemical processing industry is doing some- 
thing about it. Chemico Venturi gas scrubbers have 
already been installed for a variety of chemical 
processes. One reason: the extreme adaptability of 
this equipment. 


ADAPTABILITY PAYS DIVIDENDS FOR MOST PROCESSES 


Depending on local conditions, regulations and 
operating requirements, Chemico equipment can be 
tailored to solve a wide variety of pollution control 
problems. Initial installation can be designed to 
meet minimum needs. If experience or changing 
conditions call for increased efficiency, this can be 
achieved to almost any degree with original equip- 
ment by merely increasing the power input. Where 
power costs are a factor, this flexibility feature of 
Chemico scrubbers is an important advantage. 


SIMPLE CONSTRUCTION SAVES MAINTENANCE COSTS 


Design simplicity of Chemico Venturi gas scrubbers 
means that it is possible to utilize materials re- 
sistant to corrosion, abrasion or high temperature. 
This, plus the fact that no critical controls are 
necessary, holds maintenance costs to the barest 
minimum. In addition, the small space requirements 
and complete flexibility of arrangement of Chemico 
Venturi scrubbers permit installation existing 
plants where space is at a premium. 


TYPICAL INSTALLATIONS 


IRON & STEEL INDUSTRY — 
Gray Iron Cupola; Oxygen Steel Converter; Steel Open Hearth 
Furnace (Scrap); Steel Open Hearth Furnace (Oxygen Lanced); 
Blast Furnace (Iron); Electric Furnace; Rotary Kiln-lron 
Reduction; Crushing & Screening. 


CHEMICAL INDUSTRY — 
Acid-Humidified S03 (a) Scrub with Water (b) Scrub with 40% 
Acid; Acid Concentrator; Copperas Roasting Kiln; Chloro- 
sulfonic Acid Plant; Dry Ice Plant; Wood Distillation Plant; 
TiC14 Plant, Ti02 Dryer; Spray Dryers; Flash Dryer; Potassium 
Phosphate; Chemical Incinerator. 


NON-FERROUS METALS INDUSTRY — 
Blast Furnace (Sec. Lead); Reverberatory Lead Furnace; Ajax 
Furnace-Magnesium Alloy; Zinc Sintering; Reverberatory Brass 
Furnace. 


MINERAL PRODUCTS INDUSTRY — 
Lime Kiln; Asphalt Stone Dryer; Cement Kiln; Dolomite Kiln; 
Magnesia Kiln. 


PETROLEUM INDUSTRY — 
Catalytic Reformer; Acid Concentrator; TCC Catalyst Re- 
generator. 


FERTILIZER INDUSTRY — 
Fertilizer Dryer; Superphosphate Den & Mixer. 


PULP & PAPER INDUSTRY — 
Lime Kiln; Black Liquor Recovery Boiler. 


MISCELLANEOUS — 
Pickling Tanks; Boiler Flue Gas; Sodium Disposal Incinerator. 


FULL DETAILS AVAILABLE—For your copy of a new brochure 
giving complete data on Chemico Venturi gas scrubbers or 
for technical assistance on a specific problem, write to the 


address below. 


CHEMICAL CONSTRUCTION CORPORATION 
.525 West 43rd Street, New York 36, New York 


CHICAGO @ DALLAS @ HOUSTON @ PORTLAND, ORE. 
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@ TORONTO @ LONDON @ PARIS @ JOHANNESBURG @ TOKYO 
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See why ALCOA ALUMINUM makes a good design habit — 


Requirement: low-cost, high-strength, corrosion-resistant process 


pipe and tubing 


Key to good design: specify tubular products of Alcoa Aluminum 


Metal tube or pipe is perhaps the most common material 
to be found in chemical and petroleum processes. It 
carries process liquids and gases through each stage of 
production. It serves in instrumentation lines, relaying 
information between controls and valves. It is the heart 
of heat exchangers and other processing equipment. 
Specify ALcoa® Aluminum Pipe and Tube to do all 
these jobs safely and economically. 

ALCOA aluminum tubular products have a long record 
of reliability in process applications. No other pipe or 
tube matches their resistance to corrosion from such a 
wide range of chemicals and petroleum products. No 
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other metal approaches their low cost and freedom from 
maintenance. No other tube or pipe combines these 
features with long life, high strength, and the physical 
properties required by so many processors. 

These pages show you just a few of the applications 
where ALCOA aluminum tubular products are at work 
fighting corrosion and providing substantial economies. 
There is an area in your process where aluminum can 
help cut costs and improve efficiency. ALCOA makes 
aluminum pipe and tube in a number of standard alloys 
and in a wide variety of sizes ideally suited to chemical 
and petroleum processing. 
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ALCOA 
ALUMINUM 


ALUMINUM COMPANY OF 


Piping 

Where product protection, corrosion resistance and strength 
are primary considerations for piping, aluminum is your 
best answer, and is often the least expensive. 

ALcoa Aluminum Piping resists attack by materials within 
the pipe, as well as by corrosive environments outside. It 
does not catalyze the decomposition of many sensitive 
chemicals as other metals do. 

With ALcoa Aluminum Pipe you also get a smooth, low- 
friction surface, high thermal conductivity and nonsparking 
characteristics . . . all highly desirable qualities. 

In ultra-low temperature applications ALCoA Aluminum 
Piping retains its excellent physical properties without em- 
brittlement. Tests to as low as minus 423 degrees F show it 
actually increases in strength as the temperature drops. 
That's why aluminum is specified for tonnage oxygen and 
other cryogenic applications. 

A.tcoa Aluminum Pipe is produced in ASA sizes from 4% 
in. through 12 in., and in a variety of alloys and tempers, 
some with the strength of low carbon steel. Seamless pipe 
in sizes up to 20 in. in diameter is available. 


A welded section of 4-in. Alcoa Alu- 
minum Pipe is lowered into Lake 
Maracaibo, Venezuela, for the 
world’s first permanent aluminum 
underwater oil pipeline. It replaces 
a steel pipeline that failed from the 
corrosive effects of the lake’s 
brackish waters. The line connects 
an underwater well toa flow station. 


Because aluminum piping does not 
discolor or contaminate the prod- 
uct, it is used at this organic chem- 
icals plant to handle chemicals for 
the production of synthetic fibers. 


BURSTING PRESSURES Pipe—not welded 
BURSTING PRESSURE, PSI 
Nominal Pipe | Schedule 
Size, inches | Number 


WRN 


Computed bursting and yrelding pressures and conversion factors tor 3003-112 alloy also apply to 3003-F alloy. They 
are based on the properties of the 3003.0 alloy. 
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Heat exchanger 
tubing 


Corrosion resistance, long life, product purity, high thermal 
conductivity and economy . . . all these vital requirements in 
heat exchanger design are satisfied when you specify ALCOA 
Aluminum Tubing. The petroleum industry uses aluminum 
in main column overhead condensers where its freedom from 
fouling and excellent heat transfer properties have made it a 
natural selection. Heat exchangers with ALCoA Aluminum 
Tubing also are used in the chemical process industry. Prime 
examples are for the production of ammonia, nitric acid, 
vegetable oils, naval stores, naphthalene, hydrogen peroxide, 
oxygen and urea. These and other processes call for heat 
exchanger tubing with high strength, excellent sub-zero 
physical properties, high thermal conductivity, or nontoxicity 
and noncatalytic properties. Any one or a combination of 
these requirements can be met efficiently and economically 
with ALcoa Aluminum Tubing. 

ALcoA Aluminum is the least expensive tube available. In 
the common sizes it costs one-third less than mild steel, one- 
half as much as admiralty, and only one-fifth as much 
as stainless. 


For certain processes where corrosive or sensitive materials are 
involved it is often advisable to use aluminum for entire heat ex- 
changer systems to avoid system corrosion and contamination of the 
product. A typical heat exchanger is shown here. Alloy recommenda- 
tions are given in ‘‘Alcoa Aluminum Heat Exchanger Tubes.” 


A Midwest utility saved 50 per cent on tubing costs by using Alcoa 
Aluminum instead of admiralty for tubing in this surface condenser. 
Successful operation of this unit has led to installation of similar units 
by other utilities. This use demonstrates aluminum's economy and 
superior resistance to ammonia, carbon dioxide and hydrogen sulfide. 
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Unitrace the aluminum process 
pipe with integral steam tracing 


ALcoa® Unitrace solves the problem of applying heat to a 
product during processing. With Unitrace you get standard 
pipe OD with an integral steam passage located adjacent to 
the product passage . . . eliminating the labor and cost in- 
volved in installing external steam jackets or steam tracer tubes. 

Extruded as a single unit of ALCoA 6063-T5 aluminum 
alloy, Unitrace has aluminum’s natural corrosion resistance, 
making it ideal for transferring molten sulfur, ammonium 
nitrate solutions, glacial acetic acid, fatty acids, naphthalene, 
phthalic anhydride, urea, wax, tar products, and numerous 
other products which must remain liquid during transfer. 

ALCOA continues to be the leader in supplying various 
sizes of this type of pipe. You can get Unitrace in pipe sizes 
from 1 in. through 8 in. 

Because Unitrace is completely compatible with other 
piping systems, it provides an unusual degree of design 
flexibility in process systems. Special Unitrace flanges, trace- 
caps, elbows and adapter flanges, cast of ALCOA A356-T7 
aluminum alloy, are available from ALCOA. 


i 
2 
Unitrace Sizes lin. 1% in. 2 in. 3 in. 4in. 6 in. Sin. 
Axis Moment of Inertia (1) in.* o9 34 72 2.71 6.52 31.82 | 81.82 
XX Radius of Gyration (R) in. 37 58 72 1.09 1.42 2.12 2.78 
Section Modulus (S) in.? 13 34 56 1.42 2.65 8.73 17.22 
Axis Moment of Inertia (1) in.¢ 09 33 .70 2.65 6.36 29.72 76.70 
YY Radius of Gyration (R) in. 37 57 71 1.08 1.40 2.05 2.69 
Section Modulus (S) in.? 14 34 59 1.52 2.83 8.97 17.79 
Sizes lin. 1% in. Zin. Zin. 4in. 6 in. Bin. 
r 657 950 1.187 1.750 2.250 3.312 4.312 
t 133 145 154 170 ll 
t 145 163 174 185 -200 307 354 
x 133 344 406 625 813 1.500 2.000 
y 6 87 1.08 1.59 2.03 2.98 3.87 


ficient of thermal | —58 21 68 to 392°F | 68 to 572°F 
to+68°F | 68to212°F | 68to 


121x10¢ | 13.010 | 136x10¢ | 
Temp. °F Pressure psi lin. | 1%in.| Zin. | Sin. | 4in. | Gin. | Bin. 
Bursting Pressure of Product Line | 2980} 2265 | 1925 | 1425 | 1210 | 1210 | 1085 
Up to 100°F | *Pressure Differential 2240| 1700/1445 |1070] 910] 910] 815 
Bursting Pressure of Trace Line 2980 | 2265 | 1925 | 1425 | 1210} 1210 | 1085 
Bursting Pressure of Product Line 2800 | 2130] 1810 | 1340 | 1140}1140/] 1020 
200°F *Pressure Differential 2100} 1600] 1360 |1005| 855} 855] 765 


Bursting Pressure of Trace Line 2800 | 2130 | 1810 | 1340 | 1140} 1140] 1020 
Bursting Pressure of Product Line | 2530] 1920 | 1630 | 1210 | 1030/|1030/ 925 
300°F *Pressure Differential 1860] 1410}1200 | 755} 675 
Bursting Pressure of Trace Line 2530} 1920 | 1630 | 1210 | 1030|1030} 925 
Bursting Pressure of Product Line 1340] 1020] 865 | 650] 545] 490 
400°F *Pressure Differential 670} 510} 435] 275| 245 
Bursting Pressure of Trace Line 1340] 1020} 865 | 650] 545] 545} 490 


The pressure in the product line should not exceed the pressure in the trace by more than this amount. 
Note: Bursting pressure data based on tests with welded Unitrace flanges and minimum mechanical 
“properties, 
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Utilitube for instrument, | 
hydraulic, fuel and lubricating lines 


Utilitube is a low-cost coiled tube made of 5050 aluminum 
alloy. Literally millions of feet of it have been installed for 
the above applications. For these and other uses Utilitube 
provides outstanding economy along with such desirable 
physical properties as corrosion resistance, freedom from 
gum or sludge formation, high fatigue strength, good burst- 
ing strength and easy workability. 

Utilitube can be supplied in economical, long lengths up to 
1,000 feet or more. It weighs only one-third as much as 
copper tubing of similar capacity and costs up to 49 percent less. 

Utilitube can be joined by all common methods. Standard 
compression-type or flare-type fittings may be used. Utilitube 
can be flared easily, using conventional tools and practices. 
Installation methods are similar to those used with other 
types of tubing. 


Gas and oil processing plants use large quantities of Alcoa Utilitube 
for instrument air lines. The corrosive atmospheres of hydrogen 
sulfide and sulfur dioxide in these areas have no effect on Utilitube. 
In addition to its resistance to corrosion, Utilitube has superior 
physical properties at sub-zero temperatures. That's why more and 
more of it is being used for cryogenic processes. In this application, 
its physical properties actually improve as the temperature drops. 


BURSTING PRESSURES AND WEIGHTS PER FOOT OF 
TYPICAL SIZES OF ALCOA UTILITUBE® 


Computed Bursting Pressures based on minimum properties at 
operating temperatures not exceeding 100°F. 


Computed 

Wall Thickness Weight 

OD, in. Bursting . 

tn. Strength®, psi oot, 
wy 0.025 7380 0.0091 
He 0.028 5260 0.0163 
0.032 4420 0.0255 
6 0.035 3810 0.0355 
% 0.049 4520 0.0584 

0.035 3130 0.0435 

% 0.049 3300 0.0808 
% 0.035 2300 0.0595 
% 0.049 2590 0.1032 
% 0.058 2550 0.1468 

@ B50S-0 

2 
® P=KS5 0.8t in which S=18,000 psi specified minimum longi- 


tudinal tensile strength, D=nominal outside diameter in inches, 
t=nominal thickness in inches, and K is a factor dependent on 
yield-tensile strength ratio (K=0.86 for B50S-O). 

@® Based on 0.097 Ib per cu in., from ‘‘Alcoa Aluminum and Its 
Alloys,’’ 1950, page 108, Table 13. 


9 


4 
| 

aa 

Ln 
| 
4 

\ 
1 — 

4 


Pipe jacketing 
Pipe jacketing made with ALcoa Aluminum Foil or sheet 
protects insulated process pipes both indoors and outdoors. 
In many cases it actually costs less to cover pipes with this 
material than it does to paint them. Aluminum pipe jacketing 
has required no maintenance for as long as 10 years in some 
applications. This jacketing resists corrosion and can be used 
with a moisture barrier over any type of insulation. It is 
available with or without a moisture barrier attached. 
Aluminum jacketing is easy to cut and handle, and can be 
installed quickly and easily without special tools or skills. 


ALcoA developed this new type of aluminum pipe to make 
possible welded lines with uniform bending, bursting and 
tensile strength throughout. The secret of UNISTRENGTH is a 
reduction in wall thickness everywhere but at the ends where 
it is needed for joining. This compensates for the local reduc- 
tion in strength caused by the heat of welding on popular 
heat-treatable pipe alloys. Result: ALCOA eliminates unneeded 
metal (up to 40 per cent) to provide a uniformly strong piping 
system with important savings in weight and cost. 


ALCOA ENGINEERS have worked closely with all seg- You can also take advantage of the wide selection of free 
ments of the process industries for over 40 years, and can help ALCOA literature on aluminum tubular products and other 
you specify the aluminum tubular product best suited for your process applications. Simply check the booklets you want on 


process application. ALCoa’s unparalleled experience in this the coupon and mail to the address below. ALCOA will forward 
field is available to you for the asking. Write to the address your material promptly and without obligation. 

below, stating your requirements as specifically as possible. During 1959, ALcoa will conduct engineering conferences 
ALcoa’s development engineers will welcome the opportunity in a number of major cities on process industries uses of 
to work with you on your problems. aluminum, Call your nearest ALcoa sales office for details. 


Aluminum Company of America, 871-F Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature covering Alcoa Aluminum for tubular products and 
other uses in the process industries: 


0 10197 Aluminum Pipe and Fittings 0 GL86C Unfired Pressure Vessels of 
0 34-10418 Alcoa Unitrace: Combines Pip- Aluminum Alloys 
ing and Tracing in One Unit 0 GL149 Welded Aluminum Gas Cylinders, 


O 10186 Alcoa Aluminum Heat Exchanger ICC Approved 
Tubes 0 20437 Aluminum Alloy Heat Exchangers 


10270 Alcoa Utilitube in the Process Industries 
ALC OA o GL88C Aluminum Pipe for Aircraft Fuel DD508 Aluminum Alloys in Tank Trucks 


and Tank Trailers 
ALUMI NU AA 10387 Alcoa Standard Storage Tanks 
ALUMINUM COMPANY OF AMERICA 10508 Cleaning and Maintenance 20272 Aluminum Alloys for Handling 
20849 Resistance of Aluminum Alloys to 


High Purity Water 
Weatheringand Resistance of Alu- 20268 Resistance of Aluminum Alloys 
minum Alloys to Chemically Con- 


to Fresh Waters 
taminated Atmospheres 


10130 Forming Alcoa Aluminum 
20265 Have You Tried Aluminum in Your 104*6 Brazing Alcoa Aluminum 
Refinery? 


104i5 Welding Alcoa Aluminum 
20935 Designing to Prevent Corrosion 


2 6 


Alcoa Aluminum Handbook 
ernate Mondays, 
NBC-TV, and 


Title 


Address_— 


State 
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Alemite Portable Lubricator Saves 95 Man-Hours 


For Every 


Every point of lubrication in your 
plant can cost you needless time 
and money if you use old-fashioned 
hand lubrication methods! 

With this Alemite portable air- 
powered lubricator, you save 95 
man hours for every 400-lb. drum 
of lubricant applied. Over two 
weeks of one man’s time saved. 


Drum of Lubricant Applied! 


That’s how you can cut mainte- 
nance costs with Alemite. 

In addition, Alemite’s Model 
“711-A” is so compact and portable 
that it can bring clean, waste-free 
lubrication to any machine—any- 
where in your plant— reducing ma- 
chine downtime and prolonging 
machine life. Its pivot-swing dolly 


holds container upright at any pull- 
ing angle for easy moving over 
rough ground, indoors over rough 
floors, even up and down steps! 
Step up to fast-moving, time- 
saving lubrication methods! Check 
Alemite’s complete line of air- 
powered and electric-powered lu- 
brication equipment for industry. 


~MAIL COUPON FOR COMPLETE INFORMATION !-~ 


Alemite, Dept. J-69 

1850 Diversey Parkway, Chicago 14, Illinois 

Please send me your free catalog of Alemite industrial 
lubrication equipment. 


Symbol of 


Excellence] | 


1850 Diversey Parkway, Chicago 14, Illinois 


ALEMITE 


DIVISION 


Zone... State 


eee 
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Thermocouples 


‘“‘Tortured”’ By Exotic Fuel 


Explosions 


CERAMO-COUPLE" 


SHEATH CONDUCTORS CERAMIC INSULATION 


At 
Air Reduction Co. 


Metal “bomb” designed by Airco 
for testing liquid fuels 

showing “Ceramo-Couple’ 

and gas escape line. 


When Thermo Electric designed “Ceramo” for extra- 
tough thermocouple applications, even “Ceramo’s” de- 
signers did not figure on the “torture test” devised for it 
by Air Reduction Co. High temperatures, extreme cor- 
rosion, high pressure, great durability, easier installation 
—all these conditions “Ceramo” takes in stride with 
typical versatility. But ability to withstand actual ex- 
plosions—well, that was a lot to ask. ““Ceramo,” however, 
did just that. 


Airco needed such a thermocouple to test thermal stability 
of rocket and jet engine liquid propellants at their Murray 
Hill, N. J., laboratories. The fuel is placed in a small metal 
vessel which is then immersed in molten metal. One 
opening of the vessel is sealed with a small rupture disc. 
In the other opening a thermocouple is fitted to measure 
the reaction rate of the fuel over a wide range of tempera- 
‘ures before explosion occurs. Naturally, the thermocouple 
must withstand the explosion. “Ceramo-Couples” with- 
stand 10 or more such explosions before replacement. 
This “torture test’ is endured by enclosed junction 
“Ceramo-Couples” of but 1/16” o.d. with 30 gage con- 


12 


Airco furnace containing molten metal—with test “bomb’’ ready for immersion. 


ductors. This test method would not be feasible without 
thermocouples of such small diameters. 


Other “‘Ceramo” features essential to this job include 
accuracy—to indicate exact temperatures; sensitivity —to 
indicate temperature changes quickly; and corrosion 
resistance—these exotic fuels are highly corrosive. 


“Ceramo” could well be the answer to your thermocouple 
problems—mechanical, thermal or chemical. Find out by 
contacting Thermo Electric today. 


Write For Bulletin 325-E 


Thermo Electric CO., INC. 


SADDLE BROOK, NEW JERSEY 
in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontario 
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HACKNEY STAINLESS STEEL DRUMS 
Noncontaminating ...re-usable...economical 


For safe, contamination-free handling of acids, essen- 
tial oils, solvents, perfumes, various viscous materials, 
food concentrates and many other chemical prepara- 
tions. Hackney drums are available also in Monel, 
Inconel and nickel. Features of Hackney protective 
alloy drums include: 


© 100% smooth interiors—no place for germs, foreign 
matter to hide. 

e High resistance to corrosion...protection against 
chemical changes. 


@ Metals that cannot impart flavor to contents of drum 
or discolor it. 

e Seamless chime construction that makes bottom 
stronger and easier to keep clean. 

e Availability of drums with and without rolling 
hoops. 

e Choice of drums in 30- and 55-gallon capacities— 
with removable heads; with tight heads, 55 gallons. 

For full Serene stainless, Monel, Inconel 

and nickel—write to the address below. 


Detail of Hackney seamless chime construction. 


Pressed Steel Tank Company 


Manufacturer of Hackney Products 
1447 South 66th Street, Milwaukee 14, Wisconsin 


Branch offices in principal cities 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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Photos by Robert Yarnall Richie 


Designed, engineered and constructed 
by The Lummus Company, this 
giant petrochemical complex at Lake 
Charles, La., has three separate 
control rooms. The compressor and 
boiler unit is controlled by 

38 Microsen control loops. 141 other 
loops measure variables to 

control ethylene processing, and 

75 more control the ethylene oxide- 
glycol unit. Kybernetes data read-out 
equipment is integrated with 
Microsen instruments in one of the 
control rooms. 
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Over 250 Microsen® loops 
automate processes at 
Petroleum Chemicals, Inc. 


and Calcasieu Chemical Corp. 


Microsen Electronic Process Instrumentation measures and con- 
trols temperature, pressure, flow, and liquid level in this new 
$80,000,000 installation. Microsen, the DC control system pio- 
neered by Manning, Maxwell & Moore, Inc., was selected for qual- 
ity of control and ease of installation. 

Standard Microsen instruments are used in cascading. By adding 
ratio amplification in the output of master Controllers, special 
variable cascade units are created. 

The process boiler installation is unique in the use of electronic 
instrumentation to control both air and gas supply. A special bi- 
polar accelerating amplifier provides zero output under stable 
process conditions for the three-element feed-water boiler controls. 
If a process upset occurs, the amplifier increases output in the in- 
dicated direction to correct the deviation. Amplifier output then 
decays to zero. Decay time is continuously adjustable. within a 
range of .0S to 5.0 seconds. 

Field wiring from Transmitters and Valve Positioners is carried in 
explosion-proof conduit which terminates in ducts at the rear of 
the panels in each control room. Wiring from ducts to panel instru- 
ments is covered with flexible rubber. 

Microsen Electronic Process Controls assure permanent savings. 
They instantly transmit accurate measurements over long distances 
— assure process stability and efficiency. The DC signal (1.0 to 5.0 
ma) is compatible with practically all data handling, telemetering 
and computing systems, and with process stream analyzers being 
developed. Microsen design flexibility anticipates ever-changing 
needs in process control. 

Be certain of closer process control. Step up product quality and 
quantity. For new plant, new process or revamped old process, 
automate with the Microsen Electronic System. Learn how profit- 
able it can be. Write for information or call in one of our sales 


engineers. 
MAXWELL MICROSEN ELECTRONIC CONTROLS 
460A product of 
z 
Ald MANNING, MAXWELL & MOORE, ING. 
= 
TRADE MARK Consolidated Ashcroft Hancock Division «© — Stratford, Connecticut 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
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THE UNVARNISHED FACTS 


about engine compressors, 
in the 375 to 950 hp range 


WORTHINGTON MFR. MFR. 


FEATURE SLHC A B c 


DESIGNED FOR 
TURBOCHARGING 


SELF-SUSTAINED 
TURBOCHARGING 


FUEL 


CONSUMPTION 7,000 BTU/BHP 


i HR 9,000 BTU’s 8,600 BTU’s 8,500 BTU’s 
vee 
4 2 
CYLINDER 
ARRANGEMENT 
Inline Inline 


450 


YEAR ENGINE | | Before. _ ore 
NUMBER OF DESIGNS 
TO COVER RANGE ae. 
1 2 2 2 
LARGEST UNIT = 
FOR SKID MOUNTING 


950 HP 660 HP 1100 HP 660 HP 
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Dn these two pages you'll find a comparison of 
all the significant facts about gas engine com- 

ressors in the 375 to 950 horsepower range. 

e think you'll have to agree that Worthington’s 
BLHC unit is the outstanding performer in its 
bize range. Not only does it have 18% better 
uel economy than the next nearest engine, but 


jacket, interchangeable power and compressor 
rods, and many other important engineering 
advances. 


For complete details on the new SLHC engine 
compressor get in touch with your nearest 
Worthington district office. Or write to 
Worthington Corporation, Section 43-4, 
Harrison, N. J. In Canada: Worthington 


a oe (Canada) Ltd., Brantfold, Ont. WORTHI NGTON 
MOUNT CYLINDERS 
ON BOTH SIDES 
Yes No No No 
CYLINDER T | 
NONE NONE 
Removable Removable 
INTERCHANGEABLE | | | | 
COMPRESSOR RODS Yes Yee No 
SIDE BY SIDE 
CONNECTING RODS | ( 
Yes Yes No 
CONSTRUCTION O O O C) 
En-bloc En-bloc Separate Cylinders | Separate Cylinders 
Twin Single Single Single 
MANIFOLD SEPARATE SEPARATE SEPARATE 
RUSS GEAR CAST PIPE PIPE PIPE 
LUBRICATION IN BASE | MANIFOLD | MANIFOLD | MANIFOLD 
GASKET- FREE 
CYLINDER HEAD YES NO NO NO 
SEATS 
RUNNING GEAR 
EASILY YES NO NO NO 
ACCESSIBLE 
17 
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all corrosion 


Most people think that one corrosion resistant material will control all corrosion, 
but nothing could be further from the truth. Each known material is either subject 
to attack by a given chemical or not. There is seldom any “middle ground." The 
unique feature of complete resistance to corrosion of the properly selected Haveg 
Plastic, however, provides unquestionably the most effective and ultimately the 
least expensive material for any given use. 

The properties and performance of the various plastics are predictable and 
their design characteristics are intimately known to the Haveg Engineer permitting 
qualified recommendations for each specific application. 

Haveg offers the Chemical Process Industry all materials of plastic construction, 
thirty years of mastery of corrosion control and eight modern plants to assure 
prompt delivery of all types of corrosion control equipment such as Process Tanks, 
Heat Exchangers, Chlorine Equipment, Towers, Absorbers, Scrubbers, Fractionating 
Columns, Fume Removal Equipment, Pipe and Fittings. 


PHENOLIC RESIN HAVEG 31—A strong, lightweight material 
offering excellent thermal properties for continuous or inter- 
mittent use up to 265°F. Excellent resistance to chlorine gas 
(wet or dry) makes this Haveg Product ideal for all connec- 
tors, headers, chlorine coolers and brine lines. 


PHENOLIC RESIN HAVEG 41—Formulated to resist a wide 

range of acids, salts, the weaker bases and many solvents | 
this Haveg Material offers a tough (exceptional resistance to 

shocks and blows) corrosion control medium which is unaf- 

‘fected by thermal shock or sustained temperature up to 

325°F, Typical uses are process tanks, valves, fume duct, 

heat exchangers, towers, pipe fittings, etc. 


FURANE RESIN HAVEG 61—Strong, lightweight electrically 
non-conductive compositions result in all standard process 
equipment with excellent thermal properties for use at tem- 
peratures up to 300°F. This Haveg material of construction 
offers excellent resistance to most alkalies, solvents, acids 
and salts, including hot concentrated sodi and potassium 
hydroxide solutions and chlorinated aromatic compounds. 


POLYVINYL CHLORIDE HAVEG 1810—Haveg 1810 is unmod- 
ified PVC in rigid unplasticized form for optimum chemical 
resistance at most useful temperature range. Tanks, hoods, 
valves, dampers, fans, pipe and fittings are fabricated by 
Haveg Craftsmen. from both normal and high impact PVC. 
Excellent resistance to strong, highly concentrated oxidizing 
agents in the low and medium temperature range at a mini- 
mum cost is the feature of Haveg 1810. 
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molders of 


control plastics 


Typical of complete installations are these Haveg Towers, 
Heat Exchangers and Jets. 


TETRAFLUOROETHYLENE HAVEG TEFLON*—Steel pipe lined 
with Haveg Teflon offers exceptional strength and flexibility 

for continuous service from —90°F to +500°F and non-sticky e—— 
surface offering extremely low friction characteristics. Since 

Haveg Teflon Lined Steel Pipe is completely inert to virtually 4 ——* 
all chemicals, it is used for piping boiling halegenated F 
hydrocarbons, ketones, esters, alcohols, aqua regia, hydro- 

fluoric and nitric acids, as well as alkalies in all concentrations. 


EPOXY RESIN HAVEG 93—Carbon filled epoxy Haveg 93 
has been developed to withstand the corrosive action of 
hydrofluoric acid compounds. Rec ded for ti 

operating temperature up to 225°F, Haveg 93 finds extensive 
use in agitators, fume duct, pump parts, and holding tanks. 
This material has been subjected to some radiation exposure 
tests and indications of low level shielding has been 
evidenced. 


POLYESTER GLASS HAVEG 7710—Haveg 7710 offers the 
broadest resistance of all polyester glass materials to corro- 
sive chemical reagents, and solvents. Its excellent resistance 
to acid attack, including oxidizing medium and its broad 
resistance to solvents, makes this Haveg product ideal for tanks, 
fume hoods, duct systems, stacks, fans, blowers and towers. 


Large Haveg 41 tanks leaving Haveg Industries plant at 
Marshalton, Delaware. 


POLYESTER GLASS HAVEG 7730—Featuring exceptional 
resistance to organic solvents, Haveg 7730 has been approved 
by the Food and Drug Administration and the Meat Inspec- 
tion Division of the U. S. Department of Agriculture for food 
processing. A second big advantage of Haveg 7730 is its 
translucency which allows observation of liquid level in 
Haveg 7730 tanks without the need of special sight glasses. 


POLYESTER GLASS HAVEG 7740—Haveg 7740 is a fire- 
resistant material of great chemical resistance particularly 
suitable for fume exhaust systems where a fire-resistant mate- 
rial is required. It is not only available as duct work but 
may be fabricated into hoods and exhaust fans and dampers. 


EPOXY GLASS HAVEG 9710—Haveg 9710 is the new epoxy- 
glass construction material developed by Haveg's Research 
Department to provide the best combination of physical, ther- 
mal and chemical-resistant properties along with characteris- Easily installed Haveg pipe provides complete corrosion 
tics which lend themselves to practical fabrication techniques. resistant installation. 


HAVEG. IN Engineered riasnioe: 
 WAVEG INDUSTRIES, INC. 


900 GREENBANK ROAD WILMINGTON 8, DELAWARE. 
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From GPE Controls...first 
specially designed for modern 


The new GPE Controls R465 Electronic Controller 


is planned for high performance in every aspect... 
the result is the highest degree of dynamic accuracy 
possible. Three times as fast as other known control 
systems, yet comparably priced. With GPE Controls 
transmitters and valve actuators, precise control can 
be maintained at more than 20 cps. Easy, low-cost in- 
stallation, because high-level d.c. signal makes possible 
simple unshielded wiring. Instant visual comparison 


of parallel set-point and process variable indicators. 


Engineered for simplified maintenance. Another first 


from the first name in electro-hydraulic control systems. 


NEW factual bulletin tells the “how and why” 
G = GEN - RAL of electronic control. Write for your copy today! 
OntCcole- P R EC I S I O N GPE Controls, INC. (formerly Askania Regulator Company) 


COMPANY 240 East Ontario Street + Chicago 11, Illinois 


A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 
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electronic controller 
high-performance systems! 


wa 


GPE Controls R465 Electronic Contral- 
jer features advanced functional de-. 
sign throughout. drawer 
(left) and manual/automatic: station 
(right) are housed in dustpro 
mounting case. Either section 

serviced while the other contr 
process. Proportional band,’ fate 
reset controls are accessible tron 
front while controller is operating; 

are in logarithmic 


Electro-Hydraulic Vaive Actuator 
Completely self-contained units, matched to other GPE Controls components, 


sized to meet 90% of all control valve applications. 


Rotojet® Electro-Hydraulic Servo Vaive 
Single-stage simplicity with multi-stage performance 
For larger valves and high speeds. 


Pressure/Flow Transmitters 
Lowest differential pressure requirement of any transmitters. Automatic square root 
extraction available for straight summarization, high accuracy at low flow rates. 


Libratrol-SOO Digital Contro! Computer 
Designed expressly for industrial automatic control 
applications. Simple, proved, moderately priced. 
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THERE ARE NO REPAIR SHOPS IN OUTER SPACE 


SO REPUBLIC STAINLESS STEEL BARS 
ARE SPECIFIED 


There is no opportunity for repairs once a “bird” is launched or is airborne. 

This fact is of prime consideration in a dependable new high pressure 
hose assembly designed, developed, and manufactured by Resistoflex Cor- 
poration, Roseland, New Jersey. The hose is being used in jet aircraft, mis- 
siles, and rockets for handling such corrosive liquids as hydraulic fluids, 
ethylene glycol, hydrogen peroxide, hydrazine, white fuming and red fuming 
nitric acid. 

Sheathed in stainless steel wire braid, the hose features stainless steel fit- 
tings for maximum corrosion-resistance. Sockets, nipples, flanges, elbows, 
and swivel nuts are machined from stainless bars of which Republic is a 
supplier. 

The same chemical and physical properties that make stainless steel the 
ideal choice for this application can be applied economically to your 
processing operations to provide dependability and safeguard product 
quality and purity. 

Republic ENDURO® Stainless Steel is inert to most chemicals and chemical 
compounds. It is non-contaminating. Provides strength, heat-resistance, and 
corrosion-resistance at temperatures from below freezing to blistering hot. 


Enjoy the advantages of reduced maintenance, faster production, lower 
costs, and higher product quality by specifying processing equipment fabri- 
cated from Republic Stainless Steel. Your equipment supplier has all the 
facts. Or send the coupon for more information. 

This example of the advantages of stainless steel is brought to you by Republic 
Steel in behalf of the stainless steel equipment manufacturers and your local 
steel service centers. 


Resistoflex hose equipped with stainless steel fittings is also widely used in the processing industries for 
handling steam, acids, paint, glue, and pharmaceutical liquids. Hose so equipped is capable of withstand- 
ing temperatures ranging from —100°F to more than 450°F. 
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“DEK ORON-COATED” REPUBLIC HOT DIPPED 
GALVANIZED CONDUIT SOLVES CORRO- 
SION PROBLEM at Southland Paper Mills, 
Lufkin, Texas. After three years of ex- 
posure to steam, moisture, and chemical 
fumes, Republic's extra tough "Dekoron- 
Coated” conduit is still in excellent con- 
dition. It has required no maintenance, 
gives promise of continued years of use- 
fulness. Here’s why: Tough, corrosion- 
proof polyethylene encases galvanized 
conduit. The resulting end-to-end armor 
is impervious to moisture and fumes. 
Moisture-tight, continuously grounded, 
corrosion-protected joints are made by 
wrapping with plastic tape. Available 
in a full range of conduit and E.M.T. sizes 
to keep essential lighting and power 
lines operating. 


STEEL DRUM STACKING PROBLEMS are being solved throughout the process- 
ing industry with low-cost Republic Portable Drum Racks. Each steel cradle 
supports two loaded 55-gallon drums. Pairs of drums can be stacked to 
any practical height. Pick-up, move, and stack as many tiers of drums as 
capacity of any standard fork-lift truck permits. Shipped knocked down, 
with fasteners for quick and easy assembly. The coupon will bring you 
complete information. 


HANDLING, SHIPPING, AND STORING PROBLEMS involving packaged goods 


are easily and economically solved with Republic ENDURO Stainless Steel 
Drums and Barrels. They provide maximum protection against corrosion and 
contamination. Never need painting. Withstand hard use and abuse. Select 
the Stainless Steel Drum or Barrel best suited to your requirements. Avail- 
able in 55- and 30-gallon sizes, double seamed or all welded construc- 
tion with I-bar or pressed out rolling hoops. Mail the coupon for full details. 


STEEL 


Woldé Widest Range 
of Standard Steels and 
Stel 
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REPUBLIC STEEL CORPORATION 
DEPT. CE-7636-A 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on: 

DO Stainless Steel O Portable Drum Racks 

O Stainless Steel Drums and Barrels 

OO ELECTRUNITE® “Dekoron®-Coated” E. M.T. 


Name Title 
Company. 

Address 

City. Zone. State 
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POWDERED 


GRANULAR 


these platinum 
catalysts 


simplify product 
production control 


For highest levels of purity... definite economy 
and simplified, accurate production control, the 
platinum metals catalysts are unique. In the pro- 
duction of high-purity chemicals, pharmaceuti- 
cals, vitamins and biotics, their efficiency is un- 
matched by any other type of catalyst. Here, the 
world’s largest facilities and broadest experience 
in the development and manufacture of platinum 
metals catalysts are at your service. A representa- 
tive will be glad to confer with you, in strictest 
confidence, of course, or if you prefer, send for 
brochure “THE ROLE OF THE PLATINUM GROUP METALS 
AS CATALYSTS,” 


CHEMICAL DIVISION © 113 ASTOR STREET 
NEWARK, J. 


MINOXO 
INDICATOR 


SUPER-SENSITIVE 
DEOXO INDICATOR... 


for deiection 
and measurement 
of oxygen or hydrogen 


impurities in other gases 


MINOXO INDICATOR ... measures traces of 
molecular oxygen in other gases—from 1 to 10 
parts per million, and from 1 to 100 PPM. High 
sensitivity and rapid speed of response enable it 
to be used for laboratory investigation and pro- 
duction quality control. 

SUPER-SENSITIVE DEOXO INDICATOR... 
measures oxygen or hydrogen present as impuri- 
ties in other gases—from 2 to 200 parts per million 
oxygen and 4 to 400 parts per million hydrogen. 
Dual range permits measurement up to .25% 
oxygen or .50% hydrogen, Send for literature. 


CHEMICAL DIVISION © 113 ASTOR STREET 
NEWARK, N. J. 


CHEMICAL 


WRITE FOR LITERATURE 


| 


DOMESTIC DIVISIONS! AMERICAN PLATINUM & SILVER DIVISION, AMERSIL QUARTZ DIVISION, BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 
BAKER PLATINUM DIVISION, CHEMICAL DIVISION, EAST NEWARK INDUSTRIAL CENTER, HANOVIA LAMP DIVISION, HANOVIA LIQUID GOLD DIVISION, IRVINGTON-BAKER 
REFINING DIVISION, D. E. MAKEPEACE DIVISION, NATIONAL ELECTRIC INSTRUMENT DIVISION, RESEARCH AND DEVELOPMENT DIVISION, H. A. WILSON DIVISION. 
COMPANIES ABROAD!) ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO, ENGELHARD INDUSTRIES OF QUEBEC, LTD. MONTREAL, ENGELHARD INDUSTRIES, LTD. 
LONDON, ENGELHARD INDUSTRIES A. G. ZURICH, ENGELHARD INDUSTRIES PTY., LTD. MELBOURNE, SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S. A. BOGOTA, 
INDUSTRIE ENGELHARD &.P. A. ROME, ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, LTD. JOHANNESBURG. ASSOCIATED COMPANIES: acme TIMBER INDUSTRIES LTD., 
SOUTH AFRICAN FOREST INVESTMENTS LTD., SOUTH AFRICA, AZOPLATE CORPORATION, CHARLES ENGELHARD, INC., NUCLEAR CORP. OF AMERICA, INC., U.S.A. 


24 June 15, 1959—CwemicaL ENGINEERING 


PELLETED 
: 
» 
ae 

Vi 
q 

a 


photosensitization processing 
with Hanovia photochemical 

equipment ) increases output, 
lowers costs 


look to Amersil for all 
high purity fused quartz 
requirements. 


Hanovia photochemical equipment is widely used 
to increase output and lower costs in production 
involving synthesis, decomposition, hydrolysis, 
hydrogenation, oxidation, reduction, polymeri- 
zation, bleaching, precipitation, isomeric change 
and halogenation. The Hanovia Laboratory 
Photochemical Reaction Equipment is a powerful 
suitable source for actinically sensitized reactions. 
It is excellent for testing actinic radiation proc- 
esses to evolve and evaluate commercial actini- 
cally sensitized reaction techniques. Hanovia 
double-welled quartz or Vycor immersion wells 
fit standard 5 to 12 liter laboratory flasks. Per- 
mits maximum light utilization of mercury-vapor 
ultraviolet lamp, studies of admixture of reactants 
and temperature control. Write for valuable and 
informative brochure “PHOTOSENSITIZATION"” 
for complete information on process and appli- 
cations. 


Amersil manufactures and fabricates high purity 
fused quartz for ultraviolet transmission applica- 
tions, laboratory ware and production equip- 
ment. These products include standard apparatus, 
plain tubing in many intricate fabrications, cru- 
cibles, trays, cylindrical containers and piping 
in a full range of sizes up to 25” in diameter. 
Ingots and plates are available in general com- 
mercial quality as well as in special optical 
grades. Amersil engineers are also prepared to 
assist in developing fused quartz and silica equip- 
ment for special requirements. Send for bulletin. 


AMERSIL QUARTZ DIVISION * 685 RAMSEY AVENUE 
HILLSIDE, N. J. 


HANOVIA LAMP DIVISION * 100 CHESTNUT STREET 
NEWARK, N. J. 


HANOVIA 
LAMP 
DIVISION 


1c eS? 
EW JERSEY 


exacuTive orf 


NEWARK 2. N 


113 ASTOR STREET ° 
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GARLOCK LATTICE-BRAID* TEFLON? PACKINGS 


On pumps and engines, LATTICE-BRAID TEFLON is just about perfect against petrochemicals, oils, and 
gases of all kinds. It is strong, long-lasting, chemically-inert. Less gland pressure is required to effect 
an adequate seal, resulting in longer sleeve and packing life, less downtime and maintenance. Add to 
these features the advantage of Teflon: completely unaffected by the strongest acids, solvents, and 
alkalies; extremely low co-efficient of friction; withstands temperatures ranging from —120° to +500° F. 
In LATTICE-BRAID construction each strand passes diagonally through the body of the packing at a 
45° angle. This through-and-through braiding makes a completely unified structure of greater strength. 
Ordinary braided packings become worthless once the single outer cover is worn through. On LATTICE- 
BRAID, there is no single outer cover; the braiding, therefore, holds together far beyond the limits of 
other packings, resulting in longer life. 


*Registered Trademark 
tDuPont Trademark for TFE Fluorocarbon Resin 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 
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Lower Maintenance Costs 


GARLOCK TEFLON-JACKETED GASKETS 


For piping, flanges, and fittings, TEFLON-jacketed gaskets give you the advantage of using TEFLON 
without sacrificing resiliency and deformability . . . particularly important on your glass-lined process 
equipment, light metal flanges, and glass pipe flanges and fittings. 

Garlock offers TEFLON-jacketed gaskets in four basic designs—slit envelope, milled envelope, 
formed shield, and double jacket. Once you’ve selected the design best suited for your application, 
choice of filler material and thickness of the gasket becomes extremely important. Here, too, Garlock 
has a material for every operating condition—for high pressures, a corrugated stainless steel filler is 
suggested. Where the application is for glass-lined steel connections with low bolt loads, a rubber filler 
should be sandwiched between woven asbestos cloth. Cork, rubber, asbestos are just a few of the filler- 
types available. 


Get more details on LATTICE-BRAID TEFLON Packings and TEFLON-Jacketed Gaskets from your local 
Garlock representative. He can recommend from the Garlock 2,000 . . . two thousand different styles 
of packings, gaskets, and seals for every need. Call him, or write for Catalog AD-131 (LATTICE-BRAID 
Packings) and AD-154 (TEFLON Gasketing). 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 


For Prompt Service, contact one of our 30 sales offices and warehouses throughout the U.S. and Canada. 


Canadian Division: The Garlock Packing Co. of Canada Ltd, 
Plastic Division: United States Gasket Company 
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GARLOCK LATTICE-BRAID*® TEFLON? PACKINGS 


On pumps and engines, LATTICE-BRAID TEFLON is just about perfect against petrochemicals, oils, and 
gases of all kinds. It is strong, long-lasting, chemically-inert. Less gland pressure is required to effect 
an adequate seal, resulting in longer sleeve and packing life, less downtime and maintenance. Add to 
these features the advantage of Teflon: completely unaffected by the strongest acids, solvents, and 
alkalies; extremely low co-efficient of friction; withstands temperatures ranging from —120° to +500° F. 
In LATTICE-BRAID construction each strand passes diagonally through the body of the packing at a 
45° angle. This through-and-through braiding makes a completely unified structure of greater strength. 
Ordinary braided packings become worthless once the single outer cover is worn through. On LATTICE- 
BRAID, there is no single outer cover; the braiding, therefore, holds together far beyond the limits of 
other packings, resulting in longer life. 


*Registered Trademark 
tDuPont Trademark for TFE Fluorocarbon Resin 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 
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GRANULAR MATERIALS 


PREPARATION 
KENNEDY VAN SAUN 


BUCKET 
ELEVATOR 
Whatever the industry . . . electrochemical . . . carbon and graphite. . . 
ceramics ... powder metallurgy . . . solid rocket fuels . . . whatever the 
operation . . . crushing, screening and grinding . . . batch or continuous 
... blending or mixing ...extrusion or briquetting...a KENNEDY 
designed system will provide economy of operation and uniformity 
of product. 


From the design and engineering of seventeen new or modernized 


carbon paste plants for the aluminum and electrochemical industries, 
KENNEDY has given effect to the principle of exact control over 


@ Particle size gradation 
e Weight proportions 
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GARLOCK TEFLON-JACKETED GASKETS 


For piping, flanges, and fittings, TEFLON-jacketed gaskets give you the advantage of using TEFLON 
without sacrificing resiliency and deformability . . . particularly important on your glass-lined process 
equipment, light metal flanges, and glass pipe flanges and fittings. 

Garlock offers TEFLON-jacketed gaskets in four basic designs—slit envelope, milled envelope, 
formed shield, and double jacket. Once you've selected the design best suited for your application, 
ehoice of filler material and thickness of the gasket becomes extremely important. Here, too, Garlock 
has a material for every operating condition—for high pressures, a corrugated stainless steel filler is 
suggested. Where the application is for glass-lined steel connections with low bolt loads, a rubber filler 
should be sandwiched between woven asbestos cloth. Cork, rubber, asbestos are just a few of the filler- 
types available. 


Get more details on LATTICE-BRAID TEFLON Packings and TEFLON-Jacketed Gaskets from your local 
Garlock representative. He can recommend from the Garlock 2,000 . . . two thousand different styles 
of packings, gaskets, and seals for every need. Call him, or write for Catalog AD-131 (LATTICE-BRAID 
Packings) and AD-154 (TEFLON Gasketing). 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 
For Prompt Service, contact one of our 30 sales offices and warehouses throughout the U.S. and Canada. 


Canadian Division: The Garlock Packing Co. of Canada Ltd, 
Plastic Division: United States Gasket Company 
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KENNEDY 
CYCLONE 
SEPARATO 


One-half carbon is needed to produce one.ton of 
aluminum by the reduction of alumina. Nowhere is con. 
trol of grade, size and proportion more Important than 


in the Preparation of anode and potlining paste for this — 
and the electrode industry. KENNEDY has proven its 


ability ‘to design and supply complete systems that 
meet every requirement of an exacting industry. 7 


KENNEDY 
SCREW 
CONVEYOR 


VENT 
THRU 
DUST 


COLLECTOR 
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GRANULAR MATERIALS 


PREPARATION 
KENNEDY VAN SAUN 


Whatever the industry . . . electrochemical . . . carbon and graphite . . . 
ceramics ... powder metallurgy . . . solid rocket fuels . .. whatever the 
operation . . . crushing, screening and grinding . . . batch or continuous 
... blending or mixing ...extrusion or briquetting...a KENNEDY 
designed system will provide economy of operation and uniformity 
of product. 


From the design and engineering of seventeen new or modernized 
carbon paste plants for the aluminum and electrochemical industries, 
KENNEDY has given effect to the principle of exact control over 

@ Particle size gradation 

e Weight proportions 

@ Consistency of product 


Every industry depending on the careful and controlled sizing, grading 
and proportioning of a solid raw material can profit from the experience 
and successes of the KENNEDY VAN SAuN Organization. 


COST IS LOWERED because operation is automatic. Control is centralized 
...one panelboard monitors and regulates all operations. 


AVAILABILITY IS ASSURED by the proven dependability of KENNEDY com- 
ponents and KENNEDY'’s integrated design. 


FLEXIBILITY IS POSSIBLE... systems can be designed to produce many 
gradations of particle size simultaneously. 


UNIFORMITY IS ASSURED by the precision with which each component per- 
forms its task.* 


*As an example, the KENNEDY Air Swept Ball Mill System can be adjusted to produce 
and maintain from 38% to 90% passing 200 mesh with control of fines and coarse ends. 
KENNEDY’s engineering and manufacturing approach is comprehensive. 
Preliminary surveys and studies... research and pilot programs. . . process 
design ... equipment layout... coordination and supervision of manufac- 
turing, construction and start-up ... any or all of these services, as required, 
make up KENNEDY’s integrated engineering plan...a plan that has proven 
its value to customers all over the world. 


Write NOW for detailed engineering data to... 
Industrial Division 


KENNEDY VAN SAUN 


MANUFACTURING & ENGINEERING CORPORATION 
405 PARK AVENUE. NEW YORK 22,N. Y. + FACTORY: DANVILLE, PA. 


COMPLETE CRUSHING, LIME, CEMENT & CARBON PASTE PLANTS 
KENNEDY RESEARCH & TESTING SERVICE 


PRIMARY & SECONDARY GYRATORY CRUSHERS « JAW CRUSHERS ¢ ROLI, CRUSHERS « IMPACT BREAKERS e 
HAMMER MILLS ¢ ROD & BALL MILLS ¢ KILNS ¢ DRYERS ¢ SCREENS ¢ CONVEYORS 
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ELEVATOR 


. KENNEDY DISC 
FEEDER 
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KENNEDY 
CYCLONE 
SEPARATC 
~ One-half ten of carbon is needed to produce one.ton of 
aluminum by the reduction of alumina. Nowhere is con- 
trol of grade, size and proportion more Important than 
in the preparation of anode and potlining paste for this 


and the electrode industry. KENNEDY has proven its 
ability to design and supply complete systems that 
meet every requirement of an exacting industry. 


KENNEDY 
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KENNEDY 
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BATTERIES STANDARD CELLS 


potentiometers 


The new Honeywell Continuous Voltage Stabi- response to changes in the measured variable. 
lizer makes batteries, standard cells, and stand- The Continuous Voltage Stabilizer means 
ardizing mechanisms ee er Brown more dependability, less maintenance, contin- 
ElectroniK circular or strip chart potentiom- 
eters. This new unit accurately regulates the still another reason why ElectroniK instru- 
D-C ’ eference voltage —s ply to the measuring ments are your best value in measurement and 
circuit. Standardization is no longer necessary. control. Get full details from your nearby 

Honeywell field engineer . . . he’s as near as 


The small, compact stabilizer unit uses Zener 


diodes and an ambient temperature compen- 
sator to deliver a constant rectified voltage MINNEAPOLIS-HONEYWELL, Wayne and Win- 


from line supply. This assures uninterrupted drim Avenues, Philadelphia 44, Pa. 


Honeywell 
Fiat 


your phone. 
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DISCHARGE... 


When you Purify Heavy Industrial Oils by the Sharples GRAVITROL SYSTEM 


you handle only: 


CLARIFIED OIL 


© OIL FREE SOLIDS which settle out in the water phase and are 
consequently “‘washed free of oil’’. These solids are easily disposable. 


FEED 


The GRAVITROL SYSTEM makes it possible to 

control the separation line in the centrifuge by AA wh 
simple external means—so that the hard-to-break - PS hj | 
oil and water emulsions are attacked by 4 ss 
maximum centrifugal force in the widest 
part of the bowl—outside the disc 

stack which is kept free for 

oil purification. 


é The GRAVITROL SYSTEM 
WATER AND eliminates “‘hard-to-dispose-of” 

« * oily sludges and oil losses to the 
solids, as well. Installations 
handling tank bottoms, residual 
fuel oils, steel mill lubricating 
oils and the like, show high 
reclamation rates in continuous 
“abor-free”’, around-the-clock 
operation, high purity of the oil 
and easily disposable solids dis- 
charge—all of which add up to 
a quick “‘pay-out’’. 


\ WATER RECYCLE *Patents Applied For 


Find out about the GRAVITROL System—write Sharples today for the eye-opening facts. 


FIA 


Another 2300 WESTMORELAND STREET / PHILADELPHIA 40, PENNSYLVANIA 
Sharples NEW YORK: PITTSBURGH + CLEVELAND DETROIT+CHICAGO- HOUSTON + SAN FRANCISCO+LOS ANGELES+ ST. LOUIS: ATLANTA 


Exclusive Associated Companies and Representatives throughout the World 
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Built to withstand highly corrosive fluorine-containing gases, 
Monel nickel-copper alloy porous sintered filter elements 


are lowered into shell. Entire unit, including housing was 
constructed by Purolator Products, Inc., Rahway, N. J. 


Filters most corrosive element known 
.. porous sintered Monel 


This filter reclaims solid particles 
from a gaseous stream containing 
fluorine — the world’s most reactive 
element. It’s made of porous sintered 
Monel* nickel-copper alloy, stands up 
in fluorine service much longer than 
filters of other materials. Housing 
and cover are Monel, too. 

Porous metal filters of Monel and 
other Inco Nickel Alloys are proving 
invaluable wherever corrosion, cyclic 
shock, heat or radioactivity must be 
reckoned with. They’re made with 
pore sizes from 50 down to 0.2 mi- 
crons, + 10%. 


For high-temperature filtering . . . 
particularly above 1000°F, porous 
sintered Inconel* nickel-chromium 
alloy is used... for filtering such 


materials as molten sodium and 
potassium and removing catalyst 
particles from gaseous products of 
catalytic cracking units. 


For low-temperature filtering . . . 
handling liquid helium, liquid oxy- 
gen. Here, porous Monel alloy and 
Nickel stand up where glass or cellu- 
lose fibers break up... retain useful 
properties even below minus 450°F. 


In many areas of the expanding 
nuclear industry, Inco Nickel Alloys 
provide useful combinations of cor- 
rosion resistance, strength at both 
low and high temperatures, good 
thermal and electrical properties. 

Our new booklet ‘‘Handling 
Fluorine and Fluorine Compounds 
with Inco Nickel Alloys’ shows 
many industry-proven applications. 
Yours for the asking from Inco. 

* Registered trademark 
The International Nickel Company, Inc. 
67 Wall Street seo, New York 5, N. Y. 
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ROCKWELL- 


Hee q “te - a 


Just a little leak? 


Little leaks . . . unless they’re stopped . . . sink big ships. And valves 
with little leaks cost industry millions of dollars every year. In terms of 
dollars and cents and human lives, there’s no such thing as a “‘little leak.” 


Valves that leak ‘“‘just a little’ mean ever-increasing product loss, 
product contamination, or hazards. That’s why wherever the safety, preci- 
sion or economy of flow control dictates that even little leaks can’t be toler- 
ated, you’ll see Rockwell-Nordstrom lubricated plug valves. 


LUBRICANT-SEALED FOR POSITIVE SHUT-OFF 


Seats never exposed to line... 
permanent, positive shut-off. 


Pressurized lubricant in Seald- 
port” grooves forms impenetrable 
seals against leakage... lubricant 
is instantly replaceable seat that 
can't ‘wear out.” 


Solid tapered plug is rugged 
and Pressurized lubricant hydrauli- 
cally cushions plug for instant, 


quarter-turn closure. 


Rockwell-Nordstrom is the original and 
world’s most complete line of lubricated 
plug valves with sizes from 34” to 36” 


and pressures to 15,000 lb. Available at ™ 
leading oil field and industrial supply ROCKWELL- Nordstrom VALVES 


houses everywhere. For details, see your P 
supplier or write: Rockwell Manufactur- another fine product by & 


live outside the U.S. Avwrie: Rockwel | RROCK WELL 


International Division, Pittsburgh 8, Pa. 


®Reg. T.M. Rockwell Manufacturing Company 
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Space Technology Laboratories new corporate symbol represents a bright history in a stimulating age. STL has 
provided the over-all systems engineering and technical direction for the Air Force Ballistic Missile Program since it 
was assigned the highest national priority in 1954. Five years of accelerated effort produced epic advances in science 
and technology, and propelled the art of missilery through three distinct generations of progress. STL contributed 
technical leadership to the science/government/industry team which has built this solid, expandable foundation 
for future advances in space, and is daily adding new strength to our national security. * In addition to its major 
management functions, STL also conducts advanced space probe experiments for the Air Force at the direction of 
such agencies as NASA and ARPA. * To those scientists and engineers with capabilities in propulsion, electronics, 
thermodynamics, aerodynamics, structures, astrophysics, computer technology, and other related fields and 


disciplines, STL now offers unique professional opportunities. Inquiries regarding staff positions at STL are invited. 


a new symbol 
for a new era of 


technology 


ace 1 ecnn P.O.BOX 95004, LOS ANGELES 45, CALIFORNIA 
Space Technology Laboratories, Inc 
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Layne pumps top more producing water wells 


Layne Pump Design, manufacture and installation are only part of 
the complete water service offered by the Layne organization. Other | woripys LaRGesT Gyn WATER DEVELOPERS 
services include: Initial surveys, explorations, recommendations, site 

selection, foundation and soil sampling, well drilling, well casings and 
screens, gravel wall wells, construction of water systems, complete re- | LAYNE & BOWLER , INC, MEMPHIS 
search staff and facilities, maintenance and service, chemical treatment Offices and Factory « Memphis 8, Tennessee 
of water wells, water treatment. Write for Bulletin No. 100. LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 
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at your service at Orange, Texas — 


Modern, Complete Plate Fabricating Facilities 


Our modern Orange, Texas, plant, one of the largest plate 
fabricating facilities in the country, is now producing all 
kinds of custom plate work—including stacks, pipe, bins, 
tanks and heavy-wall pressure vessels. And, being located 
on water, rail and truck routes, delivery is fast and shipping 
costs are low. 

The plant is a two-aisle building, 177’ wide and 750’ long, 
with extended crane runways of 270’ and 200’ lengths at 
either end. Equipment includes seven cranes capable of 
lifting, in combined use, over 100 tons; large car bottom- 
heating and stress-relieving furnaces; heavy plate-bending 


rolls; a variety of presses and press brakes; the latest in 
welding and X-raying equipment, plate shears, edge planers, 
boring mills and drills. An inquiry to the nearest contract- 
ing office will bring detailed information. 


USS is a registered trademark 


American Bridge 
Division of 
United States Steel 


General Offices: 525 William Penn Place, Pittsburgh, Pa. « Contracting Offices in: Ambridge e Atlanta e Baltimore e Birmingham e Boston 
Chicago Cincinnati Cleveland Dallas Denver Detroit Elmira Gary Harrisburg, Pa; Houston Los Angeles Memphis 
Minneapolis New York Orange, Texas Philadelphia e Pittsburgh Portland, Ore. Roanoke e St. Louis 


Automatic welding inside circumferential butt joint of two 1%” plates with 


boom welder. 


San Francisco « Trenton e United States Steel Export Company, New York 


Pressing 16” plates on 2000-ton press for hemispherical heads. 


38) 


Inside of 9’-6” dia. x 145” thick hemispherical head being ground smooth. 


Rolling 96” wide x %.¢” thick plate for knock-down storage tank. 


Complete 
Construction 
Service 


Possessing the most complete 
range of construction equipment 
in the industry and skilled per- 
sonnel backed by over fifty years 
of experience, American Bridge is 
prepared to erect any product it 
fabricates. 
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FOR ELECTROLYTIC PROCESSES 


Only the I-T-E UNitron Semi-Conductor Rectifier lets you 
select cells at random. Instead of having to code cells for use 
in various positions, you can use any cell in any position. This 
is because the unique I-T-E voltage divider and current 
balancing circuits maintain equal inverse voltage and equal 
current on all cells. So they have greater assurance of long life. 


The UNITRON saves you money in the cooling system too. It 


uses a closed circuit water cooling system which continuously 
purifies and deionizes the water. This cooling method elimi- 
nates the need for power-eating blowers and space-eating 
ducts. It saves the cost of special coolants. And it’s so effective 
it significantly prolongs cell life. 


The I-T-E UNiTRON can be built in any desired d-c voltage 
and current rating required for your application. 
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CONDUCTION. I-T-E prefabricated bus comes to you completely 
engineered down to the last detail...including connectors, 
fittings and bus supports. Number, size and configuration of con- 
ductors are carefully specified to insure desired conductivity, high 
strength, adequate thermal capacity, and low losses. Parts are 
formed, punched and marked to permit fast, accurate field assem- 
bly. All joints are high pressure, with silver-to-silver contact. 


PROTECTION. Type FB anode circuit breakers from I-T-E 
limit arcback current to 60,000 amp or less on large mercury arc 
rectifier systems. Novel arrangement of 6-pole breaker permits 
removai of single pole without interrupting service. You can 
replace a breaker in 3 minutes. Each pole is complete in itself. 
FB breakers can be equipped with reclosing controls for com- 
pletely automatic protection of unattended stations. 


AC TERMINALS 


CONTROL. Type CR electrolytic cell and bus switches pack enor- 
mous capacity into a much smaller space than conventional knife 
switches. Individual units are furnished in two sizes, 3000 and 6000 
amp, and are rated at up to 250 volts. They may be easily paralleled 
for any desired current capacity. Switch is designed so that contacts 
may be replaced without dismounting. Long life and dependability 


proved in service for many years. 


1-T-E Circuit Breaker Company 
1900 Hamilton St., Philadelphia 30, Pa. 


[| Type CR switches 
{| Primary unit substations 


K-Line LV switchgear 
(600 v) 


UNITRON rectifier 
Type FB circuit breakers 
{| Prefabricated bus 


Company 


Street 


SEND COUPON 
Get complete, up-to-date 
information on I-T-E equipment 


I-T-E CIRCUIT BREAKER COMPANY 
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Found: 


a valve 
responsive to 
sensitive 
instrument 
control, with 
low maintenance 


Grinnell-Saunders Straightway Diaphragm Valves on back of 
Trimbey meter on Mead Corporation’s No. 10 paper machine. 


Grinnell-Saunders Straightway* Diaphragm Valves were orig- 
inally selected by Mead Corporation for stock level control at 
its Chillicothe, Ohio paper making plant. Mead’s instrumenta- 
tion specialists wanted a valve which would provide fine con- 
trol in response to sensitive instruments. 


OPEN 


Because these Straightway Valves also avoid difficulties from 
Diaphragm lifts high for 


clogging, stringing and dewatering as well as leakage, plugging, streamline flow in either 
4 direction. Also, valve de- 
sticking and erosion, they have since been specified for other sign permits comparatively 
simple rodding through, 
services throughout the plant. when necessary. 


Grinnell-Saunders Straightway Diaphragm Valves solve 
tough problems in many piping systems. They provide special 
benefits in lines handling corrosive fluids, viscous material, 
fibrous slurries, sludges, solids in suspension and semi-fluid 
materials. 


These highly efficient valves provide streamlined flow, 
positive closure, complete isolation of operating mechanism, 
minimum maintenance, interchangeability of parts, manual or 
power operation,and a choice of body lining and diaphragm 
materials. 

For complete information on straightway or standard weir 
types, handwheel, lever, or power operated, write Grinnell 
Company, Inc., 277 West Exchange Street, Providence 1, dlaphrogm seal 

inst . Tight 
Rhode Island. closure. is assured, even 


*PATENTED when handling gritty or 
fibrous materials. 


GRINNELL-SAUNDERS DIAPHRAGM VALVES 


Grinnell Company, Inc., Providence, Rhode Island ° Coast-to-Coast Network of Branch Warehouses and Distributors 


CLOSED 


pipe and tube fittings * welding fittings * engineered pipe hangers and supports * Thermolier unit heaters °* valves 
Grinnell-Saunders diaphragm valves * pipe * prefabricated piping * plumbing and heating specialties * water works supplies 
industrial supplies ° Grinnell automatic sprinkler fire protection systems ° Amco air conditioning systems 
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... the M-S-A® BILLION-AIRE* ANALYZER 
continuously indicates and records contaminants listed above 
in the range of parts per billion to parts per million 


PRINCIPLE OF OPERATION 

For all of the above listed applications except oxygen meas- 
urement, the gas of interest is converted to an aerosol before 
introduction into the measuring system. 

The M-S-A Billion-Aire measures electrically, in a spe- 
cially designed ionization chamber, any decrease in the con- 
ductivity of the treated gas samples caused by removal of 
ions by the particulate. A radioactive material (of a strength 
comparable to a luminous watch dial) in the chamber pro- 
duces continuous ionization. 


VERSATILITY 

As the name implies, the M-S-A Billion-Aire continuously 
measures traces of gases and vapors in the parts per billion 
range. We could rattle off a hundred and one uses for this 
unique ionization detection system if space permitted. Its 
scope of capabilities is extremely widespread. 


SELECTIVITY 

Various sensitizing techniques assure a wide range of selec- 
tivity. This new instrument already detects a substantial 
number of gases and vapors. The number increases as more 
and more new sensitizing techniques are introduced. 
*Trademark 


INSTRUMENT DIVISION e Mine Safety Appliances Company « Pittsburgh 8, Pennsylvania 


such acid gases as: 
HCI: HF -SO,- HCN - 

‘such alkaline gases as: 

ammonia hydrazine ‘amines. 

_ such halogenated hydrocarbons as: 

carbon tetrachloride trichloroethylene 


_ ethylene chloride « ethylene bromide 


and some insecticides” 
and in addition: | 
nickel carbonyl tetra-ethyl 


even oxygenin non-electro-negative gases 


ACCURACY 


Sustained accuracy of the M-S-A Billion-Aire is provided 
by use of a compensated detection system incorporating two 
similar ion chambers. One is supplied with reagent or con- 
verter. The other, with parallel flow of untreated sample gas. 
The response of the instrument is practically independent of 
flow rate. 


THE MSA INSTRUMENT SPECIALIST 


He has the facts. Over thirty years of delving and anticipa- 
tion in the field of gas analysis have helped our company 
prepare this man. Ask him for specific information on the 
M-S-A Billion-Aire. And ‘rite us for helpful literature. 


D E 


A. M-S-A® LIRA Infrared Analyzer D. M-S-A® Gas Thermatron 
B. M-S-A® Inert Gas Analyzer E. M-S-A® Oxygen Indicator 
C. M-S-A® Combustible Gas Analyzer F. M-S-A® Water Vapor Recorder 
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SPROUT-WALDRON 


* 


for Mixing and Blending * Size Reduction 
Size Classification ¢* Bulk Materials Handling ¢* Pelleting and Densifying 


Published in the interest of better processing by Sprout, Waldron & Co., Inc., Muncy, Penna. 


ROLLER MILL AND SIFTER PREVENT ANACIN HEADACHE 


When Whitehall Laboratories 
built their new air-conditioned 
plant in Hammonton, New Jersey, 
they called upon Sprout-Waldron 
size reduction and classification 
equipment to solve the many prob- 
lems and headaches associated with 
the manufacture of their well- 
known products Anacin and Dris- 
tan. 

The primary problem is con- 
cerned with the particle size dis- 
tribution. After the ingredients are 
compounded, granulated and dried, 
they must be reduced to a uniform 
particle size with a minimum of 
fines. This reduction is accom- 
plished on a Sprout-Waldron 
9” x 24” one-pair high roller mill 
having chilled iron rolls with 16 
Le Page corrugations per inch. 

The over-sized material is scalped 
off in a Sprout-Waldron Model D-8 


How One Company Mixes Cleaning Compounds 


Magnus Chemical Company of 
Garwood, New Jersey makes one 
of the most extensive lines of clean- 
ing compounds imaginable. 

One thing most of these com- 
pounds have in common, however 
is the fact that mixing of the in- 
gredients is done rapidly and eco- 
nomically in a Sprout-Waldron 
vertical mixer. Among the many 
advantages cited for the vertical 
mixer as opposed to the horizontal 
type are: 


. Less floor space required. 

. First cost and installation costs 
are low. 

. Operating horsepower re- 
quirements are less. 


4. Operation is quiet, smooth 

and efficient. 

. Discharge is rapid and com- 
plete. 

. Capacity is high. 

. Operation is flexible. 

. Substantially reduced _ tend- 
ency toward attrition of weak- 
er granules in mixtures, thus 
minimizing fines, dust and/or 
packing of product. 

The patented Sprout-Waldron 
Thoro-Flo® baffle which is incorpo- 
rated in the vertical mixer design 
makes it possible to secure uniform 
distribution of trace materials. Top 
or bottom loading units are avail- 
able in size ranges from 10 to 1250 


boxless Gyro-Whip sifter. The sift- 
er operates on a closed circuit, 
passing the over-sized coarse par- 
ticles back to the grinder. The 
fines are collected separately and 
sent back into the line for reproc- 
essing. 

According to Mr. R. S. Saik, 
Chemical Engineer, Whitehall Lab- 
oratories, the Sprout-Waldron roller 
mill and sifter were selected be- 
cause this combination of quality 
machines means uniform particle 
size with a minimum of fines. The 
ease of adjustment and the safety 
represented by the One-Point Con- 
trol in the roller mill were also con- 
sidered to be important features in 
the high speed production of Ana- 
cin and Dristan tablets. Another 
important aspect was the complete- 
ly enclosed dust-tight design of the 
Sprout-Waldron equipment. 
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cubic feet. For full details request 


Bulletin 192. cp/111 
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Rockwell Model ER Meter with automatic quan- 
tity control shut-off in food processing plant 


Batch it, blend it, or just plain account for it! 


IT’S GOOD BUSINESS TO METER ALL LIQUIDS 


Wherever liquids are stored, mixed or used in Rockwell industrial meters are valuable 
plant operations, you can save time, money and accounting tools. Thousands use them for in- 
improve efficiency with Rockwell industrial plant cost identification purposes, for inventory 
meters. With meters you can batch, blend and control—even to guard plant security. 

control formulas with precision. Handling vola- You can measure most any piped liquid with 
tile liquids, metering provides the safety of a Rockwell meters—oils, liquors, paints, chemical 
closed piping system and guards against solutions—over 50 liquids in all. Use the coupon 
contamination. for full details. 


ROCKWELL MANUFACTURING CO. 
CLIP COUPON— MAIL TODAY! Pittsburgh 8, Pa. 
Gentlemen: 
1 am interested in 


INDUSTRIAL METERS ~ (Name of Liquid) 


another fine product by © 


ROCKWELL 


Pipe Size 


Working Pressure. psi Temperature 
Max. Flow Min. Flow Rate_ 
Your Name 
Company. 
Street, 
City. Zone. State. 
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HARSHAW 


One of the largest facilities in the world for the manufacture of fluorides makes available 
a long list of Harshaw quality fluorine compounds. If required, you are invited to draw 
on the knowledge and experience of our staff of technical specialists on fluorides. We 
have a background of more than forty years experience as a major producer. 


BORON TRIFLUORIDE 
HYDROFLUORIC ACID 


Ammonium Bifluoride 
Ammonium Fluoborate 
Antimony Trifluoride Sublimed 
Barium Fluoride 

Bismuth Fluoride 

Boron Trifluoride 

Boron Trifluoride Complexes 
Cadmium Fluoborate 
Chromium Fluoride 

Copper Fluoborate 

Fluoboric Acid 


ANHYDROUS... AQUEOUS 


Fluorine Cells 

Fluorinating Agents 

Frosting Mixtures 
Hydrofluoric Acid Anhydrous 
Hydrofluoric Acid Aqueous 
Hydrofluosilicic Acid 

Lead Fluoborate 

Lithium Fluoride 

Metallic Fluoborates 

Nickel Fluoborate 


THE HARSHAW CHEMICAL CO. 


Potassium Bifluoride 
Potassium Chromium Fluoride 
Potassium Fluoborate 
Potassium Fluoride 

Potassium Titanium Fluoride 
Silico Fluorides 

Sodium Fluoborate 

Tin Fluoborate 

Zinc Fluoborate 

Zinc Fluoride 


CHICAGO « CINCINNATI ¢ CLEVELAND 
DETROIT HASTINGS-ON-HUDSON, N.Y. HOUSTON 


1945 EAST 97TH STREET * CLEVELAND 6, OHIO LOS ANGELES ¢ PHILADELPHIA © PITTSBURGH 
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COMPUTER PROGRESS FROM GENERAL ELECTRIC 


NNOUNCING rue FLEXIBLE NEW GE 312 DIGITAL 
CONTROL COMPUTER FOR ON-LINE PROCESS COMPUTING 


APPLICATION IN INDUSTRIAL AND UTILITY SYSTEMS 


312 DIGITAL CONTROL COMPUTER 


Newest member of a distinguished family of General Electric computers, 
the GE 312 transistorized DIGITAL CONTROL COMPUTER has been especially 
designed for process control, data logging, and data processing 
requirements imposed by industrial and utility operation. 
“Big Machine” features — moderate in cost * Expansible memory capacity 
¢ Easily programmed « Advanced programming aids available « Rugged construction 
for industrial application « Off-line operation as a general purpose computer 
Request brochure CPB-36. For more information on computers, computing 
control and automation, contact your nearest General Electric Apparatus Sales 
Division Office, or write to: Computer Department, Room 3 
General Electric Company * Deer Valley Park * Phoenix, otenn. 


Progress fs Our Mest Important Product 
GENERAL ELECTRIC 


FOR FIGURES IN A HURRY=FIGURE ON A GE COMPUTER 53 5 
(5-69) 
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FACTORY FABRICATED SPECIFICATIONS! 
AGLE-PICHER 


BLANKET 
INSULATION 


Ready for installation! Finished job, free of large voids! 


Copper bearing steel laths, bound by uniformly spaced soft-drawn 1 
galvanized tie wires, keep blankets firm but flexible. FREE SAMPLE! 
Write today! 


Eagle-Picher mineral wool evenly dispersed over entire insulating area 
of each blanket. Eagle-Picher Blanket Insulation 
Completely free of large voids usually found in field-made blankets conforms to Commercial Stand- 
where insulation is simply packed in place. ard CS-117-49. 
Smooth edges butted tightly together eliminate cracks and loose joints. 

This Mineral Wool Insvlation 


Quickly applied to flat or slightly curved surfaces of any large equip- conforms to 
COMMERCIAL STANDARD CS.117-49 


ment—or cut to fit irregular areas. papas 
Maximum thermal efficiency at temperatures as high as 1200 F. a 


CERTIFIED BY 
MANUFACTURER 


Eagle-Picher produces a complete line of industrial insulations ner 
Sor all temperatures from below Zero to over 2000 F. l 


EAGLE-PICHER 


Since 1843 The Eagle-Picher Company * Dept. C.E. 615: Cincinnati 1, Ohio 


(Member of Industrial Insulation Manufacturers’ Association) 
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Fisher-Contin 
give you all 3 on your next 


compactenes Butterfly Valve J ob 


Consider a Butterfly Valve for your next control valve job. ¥ 
Compactness, ease of installation and low initial cost are definite a 
plus features you can count on when using a butterfly valve. 


Fisher-Continental eliminates the need for large massive 
power actuators with the introduction of the Series 480 
P.O.P. pneumatically operated piston. You get the power, 
speed and compactness that’s needed while still retaining 

the advantage of low initial and installation cost. Fisher- 
Continental Butterfly Valves with the 480 P.O.P. can handle 
high pressure drops of several hundreds of pounds depending 
on size of body and shaft. 


~ It will pay you to find out how many ways Fisher-Continental 
Butterfly Valves can help you. 


FISHER- 
CONTINENTAL 
TYPE 480, 


The versatile butterfly valve offers a 
number of other advantages such as 
being available in any size... any 
metal or alloy... suitable for any tem- 
perature... any fluid... any pressure 
condition... and it is adapt- 
able to any operator, manual or power. 


IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY. .. 
FISHER GOVERNOR COMPANY 


Marshalltown, lowa /{ Woodstock, Ontario / London, England 


BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT CO., CORAOPOLIS, PENNSYLVANIA 
SINCE 1880 
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These separators will last for years 


Almost ready for shipment to a chemical plant, 
these separators weigh about 2!5 tons each. They 
measure 10 ft in length, and their inside diameter 
is 12 in. They will get a hydrostatic test of 9,000 
psi before they are okayed for shipment. 

Every Bethlehem forged vessel—whether it tips 
the scale at 150 tons or 900 Ib—has the same 
rugged look about it. Even the most minor compo- 
nents are designed for long, heavy-duty service. 


That’s why you can be sure they will last for years. 

If you are planning new autoclaves, converters, 
separators, filters, reactors, or accumulators, we 
suggest you discuss matters with our engineers. 
They will gladly help plan the types and sizes of 
vessels that meet the requirements of your process. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 
Export distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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The new R-C 
Type RAS Blower 
is available in 

36 sizes covering 
a capacity range 
of from 2,000 

to 14,000 cfm 

at pressures 

to 6 psig and 
from 1,500 to 
8,000 cfm at 
pressures to 

10 


blower 
delivers 
more 


AT LOWER POWER COST 


A new, high-performance R-C rotary positive blower (designated 
Type RAS) features two important design improvements. First, 
a new “segment waist” impeller contour that increases the volu- 
metric efficiency of the blower. Second, a new vertical arrange- 
ment of the impellers that increases application flexibility. 


The design of the “segment waist” impeller contour permits a 
higher pressure rating for a given impeller length. This in turn 
delivers greater displacement per revolution without increasing 
operating speed and at a lower power cost. And, in addition to 
being more quiet in operation, the design permits safe handling of 
entrained liquids. 

The vertical arrangement of the impellers provides horizontal inlet 
and discharge connections for more convenient, simplified piping. 
Extremely compact, the blower also offers substantial savings in 
space requirements. And, as with all R-C rotary positive blowers, 
air delivered is free from oil vapors and other contaminants. 


Roots-Connersville RAS blowers offer many advantages—exclusive 
rotary positive design, ease of installation, efficiency of operation, 
and long years of trouble-free service. These features are the result 
of R-C’s specialized experience of more than 100 years in the 
design and application of air and gas handling equipment. 


For gas service too...This same new design is also available 
in pumps for gas service. Designated Type RGS, the gas 
pumps differ from Type RAS Blowers only in that a me- 
chanical face type seal is used instead of a lip seal. 


For additional data, 
please refer to pages 
565-568 in Chemical 
Engineering Catalog, 
our section in 
Mechanical Catalog, or 
write for Bulletin 
RAS-158. 


| 
| 
| 
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ROOTS-CONNERSVILLE BLOWER ¢ 


DIVISION OF DRESSER INDUSTRIES, INC. 
® 659 lilinois Ave., Connersville, Indiana. In Canada—629 Adelaide St., W., Toronto 
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Pump Buyers are saying this 
about Peerless Process Pumps — 


Pu@ting tdeas to Work 
FOOD MAGHINERY AND CHEMICAL conrona ta 
Peeériess Pump Division 


GELES 31, CALIFORNIA and INDIANAPOLIS 8B. INDIANA 


FOOD MACHINERY 
AL 


Plants: LOS 


© is, Phoenix; San Francisco, Chicago; Fresno, Los Angeles. Plainview ‘o 


. Distributors in Principal Cities. Consult your telephone directory. 


fanta. St U 
Albuquer 


Offices: New Yor 
and Lubbock, Tex 


HERE ARE 4 CONVINCING REASONS 


TOTAL HEAD IN 


THEY OFFER the type of 
quality construction that 
measures up to any stand- 
ard. Continual checking at 
every stage of manufacture 

arantees the buyer per- 

‘ormance he can count on 
in the field. The best! 


THEY PROVIDE the per- 
formance you expect an 
pay for, backed by actual 
operating records of Peerless 
pumps in installations like 
yours. Durability, depend- 
ability, efficiency —all 
proved in service. 


THEY MEET exactly every 
requirement, 

andle any job in your sys- 
tem that calls for a pump. 
The complete Peerless 
range offers all types of 
chemical process pumps, in 
all sizes and frames. 
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AN EXAMPLE of Peerless 
research is this recently 
released bulletin on the 
effects of radial loads in 
process pumps, “MECHANI- 
CAL CONSIDERATION IN 
Pump Desicn.” Request 
Bulletin No. EM-79. 
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TANK 


Loading Tank Cars at 
one of our mines 


...an important phase of TGS Service 


This is a service of interest to the rapidly increasing num- 
ber of companies preferring to receive their sulphur de- 
liveries in molten form so that they can transfer directly 
from cars into consumption. We are equipped now to 
deliver molten sulphur by tank car from all mines and 
recovery plants to any place in the country. Detailed in- 
struction sheets and drawings are available on request for 
those in the planning stage or who do not have adequate or 
proper facilities for handling and storing molten sulphur. 


TEXAS GULF SULPHUR COMPANY 


75 East 45th St., New York 17, N. Y. / 811 Rusk Ave., Houston 2, Texas 


Sulphur Producing Units: Newgulf, Texas * Spindletop Dome, Texas 
¢ Moss Bluff, Texas « Fannett, Texas « Worland, Wyoming « 
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NEW TAYLOR ELECTRO-PNEUMATIC 
VALVE POSITIONER 


Coupies advanced 


electronic control with 
smooth pneumatic action 


A skillful combination of new and proven design features, 
the Taylor 713R Valve Positioner converts an electrical 
milliampere input from the controller into a pneumatic 
force insuring positive positioning of the valve actuator propor- 
tional to the electrical input. It permits full utilization of the 
desirable characteristics of electronic control, coupled with 
the power and smooth throttling action of pneumatic valve 
actuators. 


The 713R has unmatched stability, due to a powerful, 
balanced armature that reduces the effects of shock and 
vibration to a minimum. It is designed for use in hazardous 
areas designated for Class I, Group D, Division I equipment. 


CHECK THESE FEATURES 


1. High threshold sensitivity—made possible by compact, 
powerful torque motor which positions stainless baffle with 
respect to stainless nozzle. 

2. Faster operating—due to high capacity leakless booster 
relay. 

3. Wide supply pressure range—operates with air supply 
pressure between 20 and 50 psi. 

4, Economy of installation and operation—designed for use 
on regular plant air. 

5. Easy, safe servicing—externally-mounted booster relay 
can be removed without breaking the electrical circuit, and 
without affecting its protection in hazardous areas. 

6. Standard input ranges—1 to 5 ma, 4 to 20 ma, and 10 to 
50 ma dc signal. 

7. Great adaptability —same basic positioner can be applied 
to reverse or direct actuators, reverse or direct valve bodies, 
and other makes of actuators. 


See your Taylor Field Engineer, or write for Bulletin No. 98334. Taylor Electro-pneumatic Valve Positioner mounted 
Taylor Instrument Companies, Rochester, N. Y., or on new Taylor LIN-E-AIRE* Valve Actuator. 
Toronto, Ontario. 


*Trade-Mark 


Electronic 


Process 


Or 2 


Control 


Transmitter 


Valve Positioner 


aylor Lnslrumenta mean accuracy FiRsr 
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BULLETIN 709 
STARTERS 

are made in 9 sizes 
from Size 0 (at left) 
up to Size 8. 


ALLEN-BRADLEY 
Solenoid Starters give 


MORE MILLIONS: 
OF TROUBLE FREE 
OPERATIONS | 


..- and for good reasons 


* ONE MOVING PART 


With this simple solenoid design, there’s 
virtually nothing to go wrong—all trouble- 
causing bearings, pivots, and flexible jumpers 
have been eliminated. 


® DOUBLE BREAK, SILVER ALLOY CONTACTS 


Allen-Bradley silver alloy contacts never 
require maintenance. They are always 

in perfect operating condition ... and remain 
so until completely worn away. 


* SIMPLE UP-AND-DOWN MOTION 


The virtually frictionless, straight line 
vertical motion provides uniform contact 
pressure at all times—and assures con- 

sistent, rapid operation of the contactor. 


* RELIABLE OVERLOAD PROTECTION 


All A-B starters are equipped with two 
permanently accurate and reliable overload 
relays that protect motors against “‘burnouts.”’ 
Three overload relays can be furnished. BULLETIN 709 SIZE 7 


with maximum ratings of 300 
hp, 220 v; 600 hp, 440-550 v. 


BRADLEY 


{ 
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385 Madison Avenue 


New York » 


ETHYLENE OXIDE-GLYCOL PLANT 
ON STREAM FOR CALCASIEU CHEMICAL CORPORATION 


Lummus Designs and Engineers Plant to produce 
60,000,000 Lbs./Year of Ethylene Oxide or 
8,000,000 Gallons/Year of Ethylene Glycol 


Calcasieu Chemical Corporation’s new ethylene 
oxide-glycol plant at Lake Charles, Louisiana is 
on stream and producing 8,000,000 gallons annually 
of ethylene glycol, used principally as a permanent 
anti-freeze, or 60,000,000 lbs/ year of ethylene oxide. 

Designed and engineered by The Lummus Com- 
pany, the plant utilizes the Shell Development 
Company process. The facility is staffed and oper- 
ated by employees of Petroleum Chemicals, Inc. 
P.C.I. will also supply ethylene raw material to the 
new plant from an adjacent ethylene unit which 


was also designed, engineered and constructed by 
The Lummus Company. 

The Shell Process, which offers the advantages of 
unusually high yields and virtual elimination of 
the waste disposal problems encountered in the 
Chlorohydrin Process, is conducted in two steps. 
The first step is direct catalytic oxidation of ethy]- 
ene with oxygen in fixed bed reactors. Here ethyl- 
ene oxide, valuable petrochemical intermediate, 
is produced for use by manufacturers of detergents 
and other surface active agents, plasticizers, sol- 
vents, textiles, drugs and many other petrochemical 
compounds. 

The second step of the Shell Process calls for 
thermal hydration of ethylene oxide to ethylene 
glycol, essential to manufacturers of anti-freeze, 
explosives, plasticizers, fibers, resins, hydraulic 
fluids and many more chemical products. 

This is the third ethylene oxide unit engineered 
and constructed by Lummus, based upon the Shell 
Process. For ethylene oxide and ethylene glycol, 
or for any type of chemical or petrochemical plant, 
Lummus half century of world-wide experience on 
more than 800 plants for the process industries is 
at your disposal. 

THE Lummus Company, 385 Madison Avenue, 
New York 17, N. Y., Houston, Washington, D. C., 
Montreal, London, Paris, The Hague, Maracaibo. 
Engineering Development Center: Newark, N. J. 


Visit the Lummis Exhibit, Fifth World fhelediaisth’ Seicaiiids Exposition, New York Coliseum, June 1-5, 1959 
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has solved your 
plug valve problem! 


Users of ACF Lubricated Plug Valves are enthusiastic 
about the performance of their valves. 

Whatever the service . . . whether the valves are small or 
large . . . whatever the lading . . . ACF Lubricated Plug Valves 
handle the most difficult valve jobs. 

For example: The shearing action of the cylindrical plug 
cuts through tough, stringy slurries clean as a knife—no stop- 
pages, constant flow. 

For example: You can see excess lubricant as it escapes 
around the neck of the plug—no build-up of excessive lubricant 
pressure; no lubricant forced into the line. ; 

For example: Special design requires a minimum amount 
of lubricant for servicing. 

For example: The valves may be installed in any posi- 
tion, and they fit into the smallest possible space. 

Specify ACF when your job calls for plug valves. They'll 
give you dependable performance, long life and economical 
operation. 

WRITE FOR CATALOG 400 


W-K-M Division of ACF Industries, Incorporated, 
P. O. Box 2117, Houston 1, Texas 


Lubricated Plug Valves 
with round port, full pipe area 


This is the valve for heavy fluids and ladings. 
When open, the round port becomes an exact 
continuation of the pipe, There is no change 
in velocity, area, direction or cross-section of 
the lading. There are no pockets to trap the 
lading, and seating surfaces are sealed away 
from contact with the fluid flow. 

W-K-M provides a complete line of specially 
formulated lubricants for ACF Lubricated Plug 
Valves. Write for Catclog 800 


W-K-M’s Engineering | | 
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HOW LARGE? HOW HIGH? WHERE? 


Local conditions will usually dictate the answers to these ques- 
tions. Your own engineers will know the essential requirements 
and limitations, and Graver stands ready to provide water tank 
design, fabrication and erection skills. Graver can call upon over 
a century of experience in building tankage of all types. Since an 
elevated tank may be a once-in-a-life-time purchase, an increas- 
ing number of executives believe it highly desirable to have 
Graver’s experience and skill with both steels and alloys on the 
project. Especially since it is not necessary to pay a premium 
for Graver experience—and quality! 


Plants and Offices 


Across America 


GRAVER TANK & MFG.CO. 


DIVISION—UNION TANK CAR COMPANY 
EAST CHICAGO, IND. 
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Sensitive Speed Reaction to Controller Signals 
..- Straight Line Variable Speed Output 


e@ Reeves AIRtrol, in an open or closed loop system, auto- 
matically and continuously corrects operating speeds to 
compensate for variations in materials or energy (i.e. tem- 
perature, liquid level, density or flow). 

As the final control element, the pneumatically-controlled 
Motodrive assures sensitive and stable control throughout 


the speed range. 
Linear speed output is a result of the exclusive cam de- 


REEVES PULLEY COMPANY 
Division of RELE ANCE 


COLUMBUS, 


In “Canade: Reeves Drives * Toronto * Montreal 


VARI-SPEED MOTODRIVE 
VARI-SPEED MOTOR PULLEY 
VARIABLE SPEED TRANSMISSION | 
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sign. The AIRtrol responds to a 3 to 15 p.s.i. pneumatic 
signal, and is adaptable to all standard process instru- 
mentation. 

The AIRtrol is available on all REEVES Motodrives.. . 
hundreds of assemblies from 4 through 40 hp., 2:1 through 
10:1 speed range, and 1.7 through 4660 rpm. 

For examples of AIRtrol in process control systems, write 

Dept. CE 39b for AIRtrol Instrumentation Data Sheets. 
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A Continuous Solution 
OF A TOUGH WASTE DISPOSAL PROBLEM 


CUSTOM-DESIGNED for a leading automotive man- these FEine filters produce an extremely low 
cake moisture content, made possible by the 
absence of blow-back on the string discharge. 


Chemical consumption is economically low. 


ufacturer, these FEine rotary drum-type vac- 
uum filters handle a composite sludge from an 
oil-emulsion breaking unit, a cyanide reactor 


and two final clarification units. 
The FEine filters in this installation are ex- 


Fach filter has 150 square feet of filter area amples of how custom-made units provide con- 
with nylon cloth and nylon string discharge. tinuous solutions to many filtration problems. 
Plant engineers report a cloth life of up to 18 
j * For help with your problems, see our insert in 

months, compared with the usual life of a year. . — ; ; 
Chemical Engineering Catalog or write today, 


Operating at a constantly high filtration rate. CEF-659, for free bulletins and technical advice. 


Bigger Yield 


STRING HORIZONTAL SCRAPER 
FILTRATION ENGINEERS CUSTOM DESIGNED CONTINUOUS FILTRATION 


AMERICAN MACHINE AND METALS, INC. 
EAST MOLINE, ILLINOIS 
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convinced us that a SQUARE D Control Center 
offered us MORE!”’ 


These design features make Square D 
your logical choice, too... 

INCREASED SAFETY because bus bars are 
fully enclosed, rigidly supported and have ample 
cross section. Circuits are isolated by individually 
enclosed plug-in units. Disconnect handle designed 
for maximum operator protection. 

FLEXIBILITY. Individual plug-in units or complete 
sections are easily added, removed or exchanged. 


Control Center installation in U.S. Industrial 
Chemicals Company, Dubuque, Iowa plant. 


consuming, ‘“‘piecemeal”’ starter 
installation. 


Pushbuttons, pilot lights, and selector switches are 
readily added to unit doors. 

INSTALLATION ECONOMY. All wiring channels 
are large and accessible from front without remov- 
ing units. No ‘wire fishing.” 

SPACE ECONOMY, TOO. Up to eight combina- 
tion starters fit in a 20’’x 20’’x 90” section. Plug-in 
unit heights designed in space-saving increments 
of 3 inches, 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE 
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at American Synthetic 
Rubber Company 


€4, and for custom plate fabricated 
code tanks and pressure vessels, there’s no 
substitute for experience. Modern Welding 
Company is proud to contribute to the prog- 
ress of successful chemical processors. 


11’ ID x 25’ TL, 34” heads, ''/4” shell, 3 man- 


Horizontal Latex Blow-Down Vessel 
holes, 14 nozzles, 2 sight glasses. * 


ALL TANKS A. S. M. E. CONSTRUCTED 


MODERN WELDING COMPANY “ 


TANKS 


Owensboro, Kentucky 
NEWARK, OHIO ORLANDO, FLA. HOUSTON, TEXAS BURLINGTON, IOWA 


Styrene 

Stripping Column 
10’ OD x 50’7” TL, 
heads, 2” 
shells, 14 internal 
stainless steel perfo- 
rated trays, 16 man- 
holes, 15 nozzies, 8 
sight glasses. 


Top and Bottom View, a ae 
Vertical Latex Blown-Down Vessel x 


10’ OD x 9’6” TL, heads, shelis 
19 nozzles, 3 manholes, 85 WP with full” 
vacuum. 


INCORPORATED 
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your plant operate a batch-type adsorption 
process with pulverized activated carbon? If so, 
you should investigate the outstanding cost and per- 
formance improvements now made possible by convert- 
ing to a continuous column system with Pittsburgh 
Granular Activated Carbon. 

The contrast in consumption of carbon alone is often 
dramatic. One company which recently converted to 
Pittsburgh Granular Carbon reported a five-fold reduc- 
tion in carbon dosage, as illustrated above ... anda 
cost saving of more than 3 to 1. 


FREE BOOKLET 


Describes types and various appli- 
cations of Pittsburgh Activated 
Carbons, in both liquid and vapor 
phase adsorption. For your free 
copy, write to Dept L, . 


wet wT 


The other advantages of a continuous column sys- 
tem with Pittsburgh Granular Carbon are equally im- 
pressive: Greater capacity, higher product quality, 
cleaner operation, less equipment and lower mainte- 
nance, to name just a few. 

Our technical representatives will be glad to help you 
set up a small scale laboratory column to help you eval- 
uate the benefits of using Pittsburgh Granular Carbon in 
your adsorption system. Write today for more information. 


7580 


ACTIVATED CARBON COAL CHEMICALS PLASTICIZERS PROTECTIVE COATINGS © PIG IRON COKE FERROMANGANESE CEMENT 
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‘THIS BOOKLET CAN 


SAVE 


VALVE MAINTENANCE 


0 STS diaphragm valves 


_ THIS BOOKLET 1S FREE. SEND FOR YOUR COPY room 


Once installed, a Hills-McCanna Diaphragm 
Valve body need never be removed from the 
line. Diaphragm valves can be quickly and eas- 
ily serviced simply by removing the bonnet 
fasteners. Contrast this with removing the 
ordinary valve from the line—when downtime 
can be hours or even days. Its packless design 
eliminates dripping, housecleaning and stuffing 
box maintenance. Patented sealing bead dia- 
phragm gives positive flow control, with drip 
tight shut-off. And, there are Hills-McCanna 
diaphragm valves to match every type of pipe 
or pipe lining material. Get the facts... save 


i i d . Send today f I> 
“Diaphragm Valves for Every Type of Pipe.” Nc Calla 
(Bulletin 115) 

company 


HILLS-McGANNA COMPANY THE PEOPLE How AND CONTROL FLOW 
4568 W. Touhy Avenue, Chicago 46, Illinois 


Manvfactu:.d and distributed in Canada by International Equipment Company, Ltd. 
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your whole team 
THE FIRE! 


More than a quarter of a million gallons of expanded FOAM using ROCKWOOD Automatic Controls permit delivery of FOAM or water 
just one 1000-gal. tank of ROCKWOOD Double-Strength FOAM from any or all of six 22” FogFOAM Nozzles and Direct Manual 
liquid! That's the amazing fire-fighting power of this compact, Turret at any desired rates. System includes 500-gal. “starter” 
ROCKWOOD-equipped truck at a large eastern oil refinery. water tank. 


Let Rockwood handle variable flow rates automatically 


Now you can set and forget FOAM liquid injection rates. . . 
release that ‘extra man” for active duty! ROCKWOOD Double-Strength 
ROCKWOOD Balanced Pressure Proportioning System (3%) FOAM Liquid 
willautomatically maintain FOAM liquid percentage precisely © Costs less for equal coverage 
where you set it at any flow rate. No adjustment with valves @ Doubles FOAM-making ability per unit 
and meters . . . no constant gage watching. Operate line out- volume 
lets and turret individually or in any combination to deliver @ Reduces handling and transportation 
desired FOAM solution or water simultaneously; you’re sure costs by 50% 
of maximum flexibility and complete reliability under all fire © Cuts storage space in half 
conditions. @ Protects in all weather 
ROCKWOOD Proportioning System gets you into action 
faster, too... keeps you going longer: water tank handlessup- B&y.------ 
ply while you’re hooking into local source. Tank of ROCK- ROCKWOOD SPRINKLER COMPANY 


WOOD Double-Strength FOAM liquid doubles FOAM- | Portable Fire Protection Division 
making ability . . . halves storage space! ' 
Get complete details on ROCKWOOD Proportioning Sys- ; 
tem and ROCKWOOD Double-Strength FOAM liquid. It’s ' 
the high-efficiency, extra-economy combination for all hydro- ; 
' 


520 Harlow Street, Worcester 5, Massachusetts 


Please send me details on Balanced Pressure Proportion- 
ing System and Double-Strength FOAM liquid. 


Laboratories, Inc. 


ROCKWOOD SPRINKLER COMPANY 
Engineers Water... to Cut Fire Losses 
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Dracco Glass-Bag 


TO STACK 


TROUGH~-TYPE 
HOPPER WITH 
INTEGRAL SCREW 
CONVEYOR 


INLET AIR FLOW 


OUTLET AIR FLOW_ 


\ 


NOW-—the answer to your hot dust problem— 


cloth filtration to 600’ F. 


CLEAN AIR 
EXHAUST MANIFOLD 


FILTER COMPARTMENTS 

| _W/GLASS CLOTH BAGS 
& SPECIAL CLEANING 

MECHANISMS 


REVERSE AIR FAN 


DUST-LADEN AIR 
INLET MANIFOLD 


j 


| EXCLUSIVE DUST REMOVAL TECHNIQUES 
ASSURE LONGEST BAG LIFE 


Sonoclean— patented cleaning by sonics 
. . . low-frequency vibrations trans- 
mitted to bags at safe energy levels 


with safe bag cleaning by sonics ... 0 deflection, creasing or fatigue 


... No bag wear . . . no personnel 
hazard. 


Radical design innovations including dust removal by “sound”? now-make Reverse Air Flow — relaxation of bags 


Dracco Glass-Bag Filters a vital new weapon in industry’s fight against accomplished by isolating filter com- 


hot, corrosive dust and fumes. 


| partment from main collector fan 
i with control valves . . . low-velocity 


Safe, fracture-proof methods of cleaning glass cloth bags extend the ‘fan provides reverse air to collapse 
high collection efficiencies, small operating costs and low maintenance | bags . . . results in effective clean- 


of cloth filtration to the 600° F. temperature range. 
This makes Dracco Glass-Bag Filters your best choice for the toughest 


industrial applications: 


cement kilns ¢ reverberatory furnaces ¢ calciners ¢ converters 
blast furnaces ¢ cupolas ¢ corrosive chemical processes 
carbon black production ¢ steam micronizers 


For detailed information on how Glass-Bag Filtration can help you 
beat that hot dust problem, contact a Dracco engineer now. Or write: 


(Pronounced Dray‘co) 


KR A C C DIVISION OF 
FULLER CO, 


4040 East Toth Street + Cleveland 5, Ohio 


66 


ing without wear . . . no shaking 
required. 


Swing-Clean — patented cam action im- 
parts gentle downward wave or oscil- 
lating motion to bag . . . removes 
dust without fracturing glass cloth. 


dust control equipment 
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“Y" DESIGN 


FUTURE STANDARDS! 


The advanced new “‘Y’’ design incorporates I.S.A. 

standard face-to-face* dimensions, ‘'S’’ valve 

travels and actuators. But it sets new standards 

for CV per nominal pipe size and for mechanical 

characteristics of fluid control. Straight-through 
guiding and Jength t flow eliminates hold-up and Cv’s are phenomenal 
optisagm flow contro! for the mont demanding 

Nominal Sizes: 14” to 10” 


Body Configurations: ‘‘Y'’ and ‘‘YL"’ (45° angle) 
Body Rating: 600 Ib. ASA to 2500 Ib. ASA 


Connections: 150 to 2500 Ib. ASA Flanged (Integ- 
ral Flanges.) Screwed or welding ends. 


*Face-to-Face: 1.S.A. Std. thru 4” size. Also avail- 
able in non-standard dimensions. 


Materials: Cast Steel, Stainless Steel, Cast Iron, 
Nodular Iron, or any castable alloy. 


You can reduce costs with one of these new Split- 
Body designs. It’s sure worth checking with the 
your OF ACTU ATORSE ths bing: Hammel-Dahl Representative in your area. Call today. 
ch bi inter. Manufacturers of Control Valves and Allied Equi t 
an ator designs. quipmen 


Warwick Industrial Park, Warwick, Rhode Island 


Representatives in Principal Cities 
of United States, Canada and Europe 


Electric or Mangal, : 
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Configurations: and "SL" (90° angia) 
600 tb. ASA to 2500. ASA” 
Connettions: 350 to 2500 th. ABA Flanged. 
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RODNEY HUNT PROCESSORS THE KEY TO 
SUCCESSFUL PRODUCTION IN MANY APPLICATIONS 


Rodney Hunt Turba-Film Processors and Vacu-Film Processors have proven to be 
extremely versatile not only in the range of industries and products they serve, but also 
in the different kinds of processes they perform. The units assure closely controlled 
uniformity of product in processes such as—concentration...deaeration... distillation 

. Steam distillation . . . deodorization . . . liquisolids . . . desolventization . . . and 
homogenization. The flow chart below illustrates a typical CONCENTRATION process. 
Here a Turba-Film Processor successfully concentrates urea solutions from 80% to 


99.5% by weight. 


TURBA~FILM i 
PROCESSOR 


DEGASSING 
DRUM 


DEGASSING 
FEED PumP 


CHARGE 
PUMP 


BOTTOMS 
PRODUCT 


Other concentration processes frequently 
prove difficult and inadequate for a num- 
ber of reasons: the extreme viscosity en- 
countered in the higher concentration 
ranges; the short time-on-temperature de- 
manded by heat-sensitive products; the 
build-up of cake resulting from products 
that stick to the walls of tube-type evapora- 
tors, etc. But with the mechanically aided, 
thin-film technique, these concentration 
problems are solved. 

For example, one of the world’s largest 
food processors uses the Turba-Film Proc- 
essor for continuous concentration of gela- 


CONDENSATE 
RECEIVER CONDENSATE 


RECEIVER 


CONDENSATE 


CONDENSATE 
PUMP PumMP 


PuMP 
tin liquor. The thin film of gelatin liquor 
that passes through the processor is kept in 
continuous motion over the heated surface. 
The material is never in contact with heat 
for more than a few seconds. Substantial 
economy is realized in the removal of water, 
resulting in lower utility consumption. 


At another plant, a Rodney Hunt Turba- 
Film unit processes tomatoes to a concen- 
tration of about 3.5 to 1 at a rate of 3 tons 
per hour. In this as in other concentration 
processes utilizing Rodney Hunt processors, 
desired quality and character of the prod- 
uct in precess is assured. 


FILi IN COUPON FOR MORE INFORMATION ABOUT RODNEY HUNT PROCESSING EQUIPMENT 


Please send me the bulletins checked. 


() THE TURBA-FILM PROCESSOR 
THE VACU-FILM PROCESSOR 
() THE LABORATORY VACU-FILM PROCESSOR 


Name 
Title 
Company 
Address 


Mail to: Rodney Hunt Machine Co., Process Equipment Division, 31 Vale Street, Orange, Mass. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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RODNEY HUNT OPENS NEW 
YORK SALES OFFICE 


“Since 1840...” is a phrase that frequently 
appears in Rodney Hunt literature and ad- 
vertising, for that was the year in which the 
company was founded. By sheer coinci- 
dence, the new office that Rodney Hunt has 
recently opened in New York City is Room 
1840 of the Lincoln Building. 


The new office has been established to bet- 
ter serve Rodney Hunt process equipment 
customers in the New York-New Jersey- 
Connecticut metropolitan area. The office 
is handily located just across the street from 
Grand Central Terminal at 60 East 42nd 
Street; the telephone is YUkon 6-8494. 
Friends in the New York area are cordially 
invited to stop in. 


Products 
Processed 
on 24-Hour 
Basis 

With 
Vacu-Film 
Processor 


This Rodney Hunt Vacu-Film Processor at 
the Philadelphia plant of Smith, Kline & 
French operates around the clock producing 
heat-sensitive chemical intermediates of 
great purity and high quality. The materials 
are so extremely heat sensitive that a wiped- 
film high vacuum is considered the only 
practical method for distillation. 


The Vacu-Film Processor is an accelerated- 
film type with controlled, positive-pressure, 
rotary-feed distilland supply. Each Rodney 
Hunt Vacu-Film Processor is designed and 
calculated to meet specific processing re- 
quirements as determined by the nature of 
the process and the physical and thermal 
characteristics of the product. 
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DEVELOPMENTS... 


JUNE 15, 1959 


Chementator 


C. H. CHILTON 


Treatment with acetic anhy- 


dride is heart of Nalfining, 
Nalco Chemical’s new 
process for upgrading pet- 
roleum distillates contain- 
ing objectionable sulfur 
and nitrogen compounds. 
Process is already being 
used to treat as much as 
20,000 bbl./day of heating 
and diesel fuels. 


Shorter route to caprolac- 
tam is claimed by Russian 
chemists at Uzbek Acad- 
emy of Science. The ny- 
lon-6 monomer can be 
made directly from ben- 
zene without going 
through phenol, it is re- 
ported. No details are 
available. 


Extraction of wood sugar 
from butt logs of Western 
larch trees is aim of pilot 
plant at Washington State 
College. Sugar, clear and 
tasteless, can be used in 
making glues, ink, pill 
binders and mucic acid. 
Residual wood chips may 
go into ground pulp or 
composition board. 


Heat-styled fabrics from new fiber 


With a new thermoplastic fiber you can 
now emboss, seal and shape woven fabrics with 
heat and pressure—techniques formerly lim- 
ited to plastic sheet materials. 

Called Rovana, the fiber is a variant on 
saran, i.e., a copolymer based on vinylidene 
chloride. Dow has had the new product in 
pilot production for several years at Midland, 
Mich., and will be in commercial production 
there by summer’s end. 

Rovana lends itself to “heat styling” be- 
cause it has a wider softening range (300-320 
F.) than most thermoplastics. This allows 
more latitude in which to work, both as to tem- 
perature and time. 

A monofilament yarn, it is further distin- 
guished by its shape—a folded, flat ribbon. Be- 
cause of its flatness, more yardage can be 
woven from it than from equal amounts of 
conventional filaments, says Dow. 

Rovana’s flame resistance, dimensional 
stability and tear strength (tenacity of 1.5 
g./denier, wet or dry) have directed Dow’s 
aim at such markets as drapery and upholstery 
for public buildings. Resistant to mildew, soil, 
microorganisms, acids, alkalis and solvents, it 
also shows promise for industrial uses. 

Scheduled to come in a wide range of 
deniers and colors, it is already available in 
300, 400 and 550 deniers in nine standard col- 
ors plus natural. Price ($1.25/lb. for the 300 
denier) is on a par with that of competitive 
fibers. 


LiCl absorption sterilizes process air 


Users of Kathabar lithium chloride ab- 
sorption systems for humidity conditioning 
have been getting, as a bonus, a good measure 
of air sterilization—whether they realized it 
or not. Now one processor is cashing in on 
this bonus to do the job of conventional air 
purification equipment. 

Anheuser Busch’s new brewery in Tampa, 
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ELECTRICAL CONNECTORS 


@ Foolproof polarization ¢ Errorless assembly 
@ Maximum interchangeability ¢ Environmental: 
Exceed rigid military and industrial requirements 
for resistance to corrosion, chemicals, high and low 
temperatures, pressure, shock, vibration, dust, 
humidity, moisture, and leakage of air. 


POSITIVE POLARIZATION 


Completely foolproof: plug can be mated only with 
proper receptacle, and in only one way . . . the right 
way. Unsymmetrical contact arrangements preclude 
improper mating of contacts, or mating of unmatched 
contact configurations. 


FAST, EASY, ERROR-FREE 
ASSEMBLY 


Polarization keyways and unsymmetrical contact 
arrangement in insert assemblies make improper assem- 
bly of parts impossible. One-piece ‘snap-in’ connectors. 
Soldering is done outside... before insertion of contacts. 


SEALED AGAINST 
ENVIRONMENTAL FACTORS 


‘Stack’ assembly includes silicone rubber wafer for 
impenetrable seal against water, vapors, dust, gas. Basic 
shells, other metal parts are high-strength extrusions of 
aluminum alloy, anodized for corrosion, abrasion resist- 
ance: 1800 volts are required to penetrate this coating. 


MAXIMUM INTERCHANGEABILITY 


Components in each diameter are interchangeable 
and reversible, doubling scope of equipment. Male and 
female shells take either pin or socket inserts: both plu 
and receptacle may be used ‘hot’ or ‘dead’. Pin an 
socket configurations available in wide range . . . specials 


Available in two types: supplied on request. 
TYPE ®@ Moisture Proof SHELL SIZES and 


Four shell sizes: from 1-1/16” to 2-9/16” 


diam. Voltages: Military Service Ratings: 
ENVIRONMENTAL Grounded & Non-Grounded | ‘A, B, Cand Instrument. NEC Rating: 
600V. A.C. Contact sizes: #16 to #4/0 in- 
* complete descriptions, specifications and con- 
@ All Features of RPE Plus . . . : a §6figuration patterns for both Type RPE and 

© Circuit Breaking , RPC ARK-trol Electrical Connectors. 


BREAKING MOUSE /HINDS 


OFFICES: Atlanta Baton Rouge Birmingham Boston Buffalo Charlotte Chicago Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indianapolis Kansas City 
los Angeles Milwaukee New Orleans New York Omaha Philadelphia Pittsburgh Portland, Ore. St.Louis St. Paul Salt Lake City San Francisco Seattle Tulsa Washington 
RESIDENT REPRESENTATIVES: Albany Baltimore Reading, Pa. Richmond, Va. 

CROUSE-HINDS COMPANY OF CANADA, LTD., TORONTO, ONT. CROUSE-HINDS INSTRUMENT COMPANY, INC., SILVER SPRING, MARYLAND 
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Fla., uses 14 Kathabar units to remove at least 
97% of all airborne microorganisms from— 
and control the humidity of—170,000 cfm. of 
process air. Busch depends completely on 
LiCl’s bactericidal action to reduce microor- 
ganism counts from levels as high as 80 to less 
than 0.5 colonies /cu. ft. 

And at Flower Hospital, Toledo, Ohio, a 
Kathabar system delivers nearly sterile air 
(no more than 0.5 colonies ‘cu. ft.) to the oper- 
ating room and nursery. Ten more hospitals 
in the U. S. and Canada have ordered the 
equipment on this same basis from Surface 
Combustion Corp., Toledo. 


Process news from Petroleum Congress 


Based on papers available to us in ad- 
vance, here are the first runnings—suitably 
distilled and condensed—from the _ historic 
Fifth World Petroleum Congress held this 
month in New York: 


Low-temperature isomerization of low- 
octane C;/C, naphthas in the liquid phase 
yields almost 100 vol. (~ of high-octane prod- 
uct, using a new Esso-developed process. Typi- 
cal pilot-plant operations on light virgin naph- 
thas show octane boosts of 8 to 14 numbers 
without product fractionation and recycle. 

Low operating temperature is desirable 
for formation of high-octane branched-chain 
paraffins. Other isomerization processes in 
commercial operation or under development 
call for temperatures of 700-900 F. when using 
precious metal catalysts or 200-250 F. when 
using AIC], catalyst. The new Esso liquid- 
phase process operates at only 80-120 F. This 
is made possible by use of an extremely active, 
still-secret catalyst. 

A 5,000-bbl. ‘day isomerization unit would 
cost $2 million; one for 17,000 bbl./day is 
figured at $3.25 million. Esso estimates total 
costs of octane improvement by the new proc- 
ess at 5-10¢ /octane barrel. 


Recovery of sulfur from refinery gases is 
object of a new process worked out in the lab- 
oratories of Atlantic Refining Co. Process 
uses a basic aqueous solution of a multivalent 
ion (e.g., iron) with a chelating agent to ab- 
sorb hydrogen sulfide and oxidize it to sulfur. 
The iron is reoxidized by air, either concur- 
rently or separately, to make a continuous op- 
eration. The sulfur is formed as a finely di- 
vided solid. 
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Chief commercial method today for con- 
verting H.S to elemental sulfur is the Claus 
process. In this process part of the H.S is 
burned to SO., which is then used to oxidize 
the rest of the H.S to sulfur and water. Pre- 
cise control of the stoichiometry is necessary 
to obtain complete reaction. The new Atlantic 
process shows potential advantages in control 
and efficiency, say the Atlantic researchers. 

The new process might even be extended 
to include the function of removing H.S from 
hydrocarbon gas streams while simultaneously 
converting it to sulfur. 


Oxidation of aromatics by the Scientific 
Design-Indiana Standard process was reviewed 
for the congress in a general fashion, setting 
in perspective some facts which have been 
publicly known previously. 

Process was described as liquid-phase air 
oxidation of alkyl aromatics with a heavy 
metal and some form of bromine as catalyst. 
The metal component may be in the form of a 
naphthenate or acetate of cobalt, manganese 
or molybdenum. Bromine may be introduced 
either as the free élement or as a compound, 
such as benzyl bromide, ammonium bromide, 
potassium bromate or acetylene tetrabromide. 

Bromine is unique in its effectiveness as a 
catalyst component for air oxidation, accord- 
ing to the report. No other halogen or halogen 
compound approaches bromine in activity. 

Operating conditions are in the ranges of 
125-275 C., 1 to 40 atm. pressure and 0.5 to 3 
hr. reaction time. 


Terephthalic and isophthalic acids can be 
made by a liquid-phase, air-oxidation process 
originated and pilot-planted by Koninklijke 
Shell-Laboratorium, Amsterdam. 

First step is production of para and or 
meta diisopropyl benzene from benzene and 
propylene via a new alkylation technique. 
This involves a liquid-phase reaction in a 
stirred-tank reactor, using a_ silica-alumina 
‘atalyst. Pure para and meta isomers are 
separable by distillation (difference in boiling 
points is 7.2 C.). 

Air oxidation of the diisopropyl benzene 
to the corresponding dibasic acid takes place 
in a liquid acetic acid medium with a mixture 
of cobalt and manganese acetates as catalyst. 
Temperature is 120-150 C.; pressure is 2 to 8 
atm. (There was no mention of bromine or 


(Continued on page 74) 
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EXCLUSIVE COMBINATION! 


Only P-K Vacuum Tumble Dryers offer pre-tested, pre- 
packaged savings. In pre-testing, results are predicted with 
a detailed procedure report and test samples. In pre-pack- 
aging, a single source of responsibility delivers a tailored, 
thoroughly proved assembly at a cost far less than a do-it- 
yourself project. 

Compared to tray drying, the advantages of P-K Vacuum 
Tumble Dryers are overwhelming. Drying is many times 
faster. Expensive solvents are condensed and recovered. 
And caking that requires separate pulverizing and screen- 


Future savings in vacuum tumble drying can be previewed at P-K’s 
Vacuum Tumble Dryer Pre-Test Laboratory. Pre-testing realistically points 
the way to economies in drying time, solvent recovery, process simplifica- 
tion and handling costs. It helps gain management and purchase approval. 
And it permits modification of controls, condenser, vapor line, receiver and 
other components to the individual needs of your process and product. 


SAVINGS 


ing steps is eliminated. This greatly reduces handling. It 
often saves enough in labor costs to justify investment. It 
safeguards against product contamination. 

In design, too, P-K Vacuum Tumble Dryers offer im- 
portant features. Typical examples: A series of filter pre- 
cautions that protect the vacuum pump from solids; an 
optional pin-studded intensifier that produces extra fine 
powder during drying. 

Why not investigate P-K Vacuum Tumble Dryers more 
completely? Our pre-test facilities are at your disposal. 
Send or bring your test material. For complete information 
mail the coupon or call George Sweitzer at our East 
Stroudsburg Headquarters, 1506 Hanson Street. 17-b 
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Pre-packaging utilizes P-K’s specialized knowledge of companion equipment 
and parts. Units arrive completely assembled, fully balanced and ready 
for use. This eliminates costly, do-it-yourself trial and error during assembly 
and installation. Moreover, it saves engineering time and overhead from 
design through purchasing and start-up. You can even see the difference! A 
neat compactness saves space and makes production areas look better. 


| 1 
PATTERSON KELLEY CO., INC. 
i I EAST STROUDSBURG, PENNSYLVANIA ! 
| ! 
Please send technical literature on P-K Pre-packaged Vacuum Tumble 
; Dryers and details of your offer to pre-test our use of them. ’ 
| 1 
; Title 
Company 
Street 
| | 
| City State 
L 4 
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other halogen as catalyst, as in the SD-Indiana 
process. ) 

Shell has put this process through a 500- 
lb./day pilot plant, operating successfully on 
a continuous basis under fully integrated con- 
ditions. Process is now available for commer- 
cial use, says Shell. 


Sulfur trioxide gas is now used in a 
British refinery for production of white oils in 
place of 20‘ oleum. Manchester Oil Refinery 
reported that its commercial unit using this 
method has been running for a year. 

Use of SO, gives increased sulfonate 
yields, lower chemical costs and less produc- 
tion of acid sludge. In practice, the refinery 
gets its SO, by stripping 65% oleum down to 
20‘7, then uses the 20% oleum in a cleanup 
stage, to insure high white oil quality, after 
the oil is first treated with SO,. 


A new grease thickener was reported by 
Esso Research & Engineering. It is a calcium 
complex salt, formed in sifu in oil from calcium 
acetate and calcium salts of higher-molecular- 
weight fatty acids. Product is a multipurpose 
grease which retains a fixed consistency over 
the temperature range 100-400 F. and shows 
good lubricating properties under heavy loads. 

Older, less-versatile calcium soup greases 
have been losing out to lithium-based products 
in today’s trend toward multipurpose greases. 
Lithium soap greases increased from about 16 
million lb. yr. in 1946 to about 190 million Ib. 
in 1957. But even these greases are limited in 
their temperature and pressure characteris- 
tics, according to Esso. 

The new calcium-complex grease has 
showed up well in extensive industrial use, 
says Esso, especially in steel mills. 


New way to dry rubber crumb 


New development in rubber processing 
portends a major relocation of the compound- 
ing step. The Banbury mixer, a long-time fix- 
ture in the compounding plant, is due to move 
into the rubber polymerization plant. 

Back of this move is the urge to exploit 
the Banbury’s ability to dry rubber crumb via 
the heat generated by intense mechanical 
working of the rubber during compounding. 
By doing the compounding in the polymeriza- 
tion plant, using wet crumb, the polymer pro- 
ducer will eliminate costly oven drying. 


This development has just been an- 
nounced by Flintkote. Co. and offered for 
licensing. Paul J. Dasher, iiventor of the 
process (U.S. 2,854,426), has been practicing 
this method for five years in his Dasher Rub- 
ber & Chemical Co. plant at Fairport Harbor, 
Ohio. According to industry gossip, General 
Tire & Rubber has independently developed a 
similar technique and is using it experimen- 
tally—apparently without a Flintkote license. 

Drying in the Banbury takes only 3-6 min. 
The process has built-in temperature control; 
flashing off the water as steam prevents over- 
heating of the rubber and thereby thwarts 
deterioration. This is especially significant in 
drying heat-sensitive nitrile rubbers, which 
are ordinarily dried under vacuum. 

A related development was reported in 
these pages last year (Chementator, July 14, 
p. 74). Goodrich-Gulf, Institute, W. Va., dries 
special low-ash rubber crumb in a screw-type 
extruder. Flintkote and Farrel-Birmingham 
(maker of the Banbury mixer) believe that 
their new system is superior to the Goodrich- 
Gulf technique. Flintkote estimates a savings 
of $5-10,/ton in manufacture of synthetic rub- 
ber, predicts that the new process will sweep 
the industry in five years. 


What’s best way to purify ethylene? 


Mounting demands for high-purity ethyl- 
ene for manufacture of petrochemicals focus 
attention today on competing ways to remove 
acetylene from ethylene. 

At AIChE’s Kansas City meeting last 
month, Boston consultant H. C. Schutt cast his 
vote for a long-known but little-used technique 
—low-temperature (—20 F.) absorption in 
acetone. He told CE that initial investment in 
such a unit may run less than 60% of that of 
the more widely used catalytic hydrogenation 
technique. Moreover, operating costs are 
lower with acetone absorption, says Schutt. 

A number of European ethylene oxide and 
polyethylene producers have turned to the 
acetone absorption process. Although U. S. 
firms have heretofore favored hydrogenation, 
CE learns that Union Carbide is now using 
acetone absorption at its ethylene oxide plant 
in S. Charleston, W. Va. 

Schutt recognizes the possibility of using 
solvents other than acetone. Phillips is re- 
portedly using dimethyl formamide at 5-10 
F., permitting recovery of a commercial grade 
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‘I’m interested in boron trifluoride because 


it’s an easy catalyst to work with” . . . Plant Superintendent 


“I’m most interested in the high reactivity 
of boron trifluoride” . . Research Director 


“I've discovered that by using BF; we can 
simplify our plant designs” . . . Chief Engineer 


What interests you most about Boron Trifluoride? 


Whatever your reasons for investigating boron trifluo- 
ride, you'll find Baker & Adamson® is your best source of 
information. B&A has long been the leader in BF: re- 
search and production. B&A was the first to introduce 
boron fluoride etherate to industry . . . has shipped 
boron fluoride gas by tube trailer transport for many 
years—making it readily available in large commercial 
quantities. Today, B&A offers the widest range of BF; 
complexes, including ether, phenol, monoethylamine, 
other nitrogen and oxygen compounds. That’s why — 
when it comes to BF; call on Baker & Adamson. 


Useful product data bulletins 
B&A has compiled extensive reference data on the use 


New book on Boron Fluoride 

The most extensive study of boron fluoride to date 
is contained in a new book, “Boron Fluoride and 
its compounds as catalysts in organic chemistry,” 
written by A. V. Topchiev, S. V. Zavgorodnii and 
Y. M. Paushkin. It discusses the use of boron 
fluoride as a catalyst in organic chemistry and also 
its derivatives and molecular compounds. Con- 
tents include physical and chemical properties; 
co-ordination compounds; compounds of boron 
fluoride in alkylation, polymerization, isomeriza- 
tion, cyclization, nitration and sulphonation re- 
actions; condensation reactions in the presence of 
boron fluoride; and many other topics. 

This book (price, $12) is published by Pergamon 
Press, Inc., 122 East 55th St., New York 22, N. Y. 
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of boron fluoride gas and its complexes as efficient cata- 
lysts in organic synthesis. Boron fluoride’s wide range of 
applications and its cost-cutting production advantages 
—such as its ease of catalyst removal—make it a factor 
to be considered in almost any organic synthesis prob- 
lem. Write today for any or all of the free technical bul- 
letins listed below: 


TITLE CODE No. 
Boron Trifluoride, Compressed 
Boron Trifluoride, Compressed Gas 


Boron Fluoride Complexes with Nitrogenous Compounds. . DA-3469-NIT-1 
Boron Fiuoride Complexes with Oxygen- 


Boron Trifluoride, Ether Complex, Tech.................05- DA-34711 
Boron Trifluoride, Monoethylamine Complex, Tech........... DA-34661 
Boron Trifluoride, Phenol Complex, Tech........... avakeens DA-34681 


BAKER & ADAMSON? Fine Chemicals 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N.Y. 
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of acetylene. But Schutt emphasizes the cost 


differential between the two solvents: 10¢/ — 


lb. for acetone vs. 35¢/lb. for DMF. Moreover, 
recovery of DMF by stripping is more costly 
because of its higher boiling point. 
Proponents of catalytic hydrogenation 
queried by CE willingly characterized the ace- 
tone absorption process as “most interesting” 
but didn’t regard it as a serious threat. 
They noted that recent developments in 
catalyst selectivity bolster hydrogenation for 
acetylene removal from oiefin streams. For 
example, Girdler is getting ready to introduce 
its G-55 catalyst, which judiciously discrimi- 
nates between hydrogenation of acetylene and 
ethylene-propylene. And in another AIChE 
paper, John Cromeans of Catalysts & Chemi- 
cals, Inc., declared that a newly developed com- 
plex of nickel-cobalt-chromium permits selec- 
tive hydrogenation of acetylene, methyl] acety- 
lene and propadiene in propylene streams. 


jomor rows iLecnnoiogy 


Today's embryonic developments which have 
special significance for chemical engineers 


® New vistas for ion exchange 


Some day you may be making alkalis with 
ion exchange resins. Capitalizing on ability of 
such resins to metathesize salts, Chemical 
Separations Corp., Oak Ridge, Tenn., has used 
continuous anion exchange to produce 2.3M 
KOH from NaOH and KCl, and NaOH from 
Ca(OH). and NaCl. 

While products may not equal the quality 
and concentration of commercial alkalis, they 
may satisfy some needs and cost less. Using 
waste salt from a chemical process, ion ex- 
change might regenerate KOH for recycle. Or 
taking advantage of readily available lime and 
salt, it might make low-cost NaOH for leach- 
ing ore. 

Although process is still in its infancy, 
company president I. R. Higgins believes it is 
workable and competitive. 

Success of the process hinges on use of 
countercurrent continuous ion exchange in a 
Higgins contactor (Chem. Eng., July 1957, pp. 
184-186). This device handles _ slurries, 
achieves positive control of solution and resin, 
offers high potential production rate. 

In the contactor, chloride-form anion 


resin moves stepwise around a closed vertical 
loop. First it contacts a low-cost alkali such as 
lime, discharging a chloride waste stream. 
Then in exchange with NaCl, the resin regains 
chloride ions, throwing off hydroxyl ions to 
form the NaOH product. 


@ Bright hope for thermoelectricity 


Thermoelectric generation of electricity 
with efficiencies as high as 35% is predicted by 
Clarence Zener, director of Westinghouse Re- 
search Laboratories, Pittsburgh. 

This top efficiency would be obtained by 
carefully selecting those materials which give 
maximum thermoelectric output within a cer- 
tain temperature range. These materials then 
would be “cascaded” in stages to cover the 
range from about 3,500 F. down to atmos- 
pheric temperature. Each stage of such a gen- 
erator would accept the “waste” heat dis- 
charged to it by the stage ahead. 

At a recent Power Sources Conference in 
Atlantic City, Zener stated: “How closely we 
can keep to the efficiency predicted by the 
thermoelectric materials will depend upon our 
ingenuity in getting the heat from the fuel and 
into the materials. However, we see no reason 
why this aspect of thermoelectric engineering 
should not keep pace with present-day prog- 
ress in the development of the materials them- 
selves.” 


® Fluorides coat electric wires 


Bell Telephone Laboratories has found a 
way to provide electric wiring with a high- 
quality flexible insulation which can withstand 
high temperatures. The answer: a fluoride 
coating. 

A tightly adherent, flexible coating can 
be formed by exposing freshly cleaned copper 
or aluminum wire to.an oxidizing carrier of 
fluorine, such as HF or elemental fluorine, at 
300-600 C. Resulting fluoride films are on the 
order of 1 to 2 microns thick. 

The best organic insulating coatings are 
limited to 300 C. for continuous service, says 
Bell. And inorganic insulators, although re- 
sistant to much higher temperatures, are gen- 
erally porous and nonflexible. The new flexible 
fluoride coatings are expected to be satis- 
factory almost up to the melting point of the 
wire itself. 


For more on DEVELOPMENTS 
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Full-performance towers are as ethically 
“twelve bananas to the dozen.” That is why: 
ously conforms to this single standard: _’ 


Marley Class 600 Cross-Flow that won't mest 


That is why an important part of every N 


Marley tower.” Each year more cooling™ 
including test provisions in their specifications as. the dne, ” 


possible method of determining satisfactory 
of mutual importance to buyer and eee 


Backed by 20 years of Cross-Flow perfolip 
Marley has complete confidence in its. m ® jons for 
duty, so customers are given all necessary 
facilitate testing by whatever standard is selected.) Tests ~ 
conducted by Marley engineers are pily-- 
and must receive customer's full concurrence. 


Marley welcomes tower tests as an op r 
sent the quality of Class 600 towers to industrigh pure 
by publishing annually the consecutive results of Tha Ba 
testing program. ALL test results are made&y 
are deleted. 


During 1958, 22 tests were Of thesen\) \ Marley sales engineer will - 
indicated capacity in excess of specification. te be glam to,supply you copies, 
were deficient, the greatest deficiency ‘Marley's’ —..... 
water temperature specified. The Marley guarantée os “Test Your Tower” 
vides that these four towers be modified fo “detiver\ alyre Your” Bids”. If 
performance without added cost to the qwner. > | Brvecbient, request them. 
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READYING shock tube for “shot”, Shell Development’s Clark secures fittings at Emeryville lab. 


Shock Waves Dig Out Clues on 


To seek out new data on high-temperature gas reactions, 


chemical engineers now look to shock tubes. 


Today, jet-space engineers 
aren’t alone in their concern 
with Mach numbers, high tem- 
perature gas-phase reactions or 
flame-front theories. 

Chemical engineers are find- 
ing themselves more and more 
involved in these same subjects, 
thanks to the “shock tube’—a 
research tool devised by the 
French scientist Vielle in 1899 


and first used in chemical tests 
by Norman Davidson of Cali- 
fornia Institute of Technology. 

Until the early 1950’s, the 
shock tube was applied mainly 
to research in aerodynamics and 
gas thermodynamics. Recently, 
work with this device has been 
reported at technical meetings 
sponsored by AIChE, ACS and 
the International Combustion 


Symposium. Some of the re- 
search groups and the reactions 
they’ve studied are: 

eShell Development Co.— 
evaluate physical properties of 
gases and learn more about the 
kinetics of existing and new 
chemical reactions. 

eCornell Aeronautical Lab- 
oratory and Cornell University 
—oxidation of N, to NO, ethyl- 
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DIAPHRAGM inserted by Shell 
engineers Kunstman (left) and 
Deisler (right) separates 

b pressure zones (see below). 


Reactions 


ene pyrolysis and aliphatic hy- 
drocarbon decomposition. 

¢General Electric Co.—au- 
toignition of liquid-fuel sprays. 

eBrown Univ. — acetylene 
pyrolysis. 

eCalifornia Institute of 
Technology—ozone pyrolysis. 

¢ Monsanto Chemical Co.— 
pyrolysis and oxidation of CH,. 

eUniv. of Michigan—ex- 
change reaction between hydro- 
gen and deuterium and the pos- 
sibility of using a shock tube as 
a chemical reactor. 
Why for Chemicals—Accord- 
ing to P. F. Deisler, engineer in 
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charge of Shell’s shock tube, to 
find the reaction rate of A and 
B at 5,000 C., you must heat the 
reactants to that temperature, 
mix them thoroughly and let 
them react. Then you have to 
cool the products so that you can 
analyze them. 

But, heating, mixing and cool- 
ing take a lot of time. During 
that time, the reaction proceeds, 
adding more reaction products to 
those produced during the time 
interval at the 5,000-C. level. 

So, what is the reaction rate 
at the 5,000 C. level? Using con- 
ventional techniques, you really 
can’t determine such a rate. 

However, in a shock tube you 
can heat A and B up to 5,000 C., 
allow them to react and cool them 
to room temperature—all in a 
few milliseconds (10° sec.) Abe 
Hertzberg of Cornell Aeronau- 


4 14 
| --Diaphragm #9 Pressure 
Vacuum od. 
chamber High pressure Low pressure 
3‘ dia. 
Sample port—~ 


tical Laboratory, who’s done a 
lot of chemical shock tube work, 
reports that reactions can be 
maintained at temperatures of 
300-10,000 K. for 0.5-5.0 milli- 
seconds, then cooled at rates on 
the order of 5 x 10° deg. K./sec. 
> How Tube Works — Reactant 
gases follow the same basic 
cycle in a shock tube as they 
would in a reciprocating com- 
pressor with a_ single com- 
pression-expansion cycle. In- 
stead of a solid piston, though, 
the motive force in shock tubes 
is a gas piston. 

Originally, a shock tube was 
a long tube, closed at each end, 
with an acetate or metal dia- 
phragm dividing it into two sec- 
tions. Reactant gas was put into 
one section and a driver gas 
such as helium, argon or air 
was injected into the other sec- 
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tion at much higher pressure. 

When the separating disk was 
punctured, a high-speed shock 
wave traveled through the re- 
actant gas, compressing it and 
elevating it to a very high tem- 
perature. The only trouble with 
this arrangement was that the 
wave reflected off the tube-end, 
bouncing back and forth in the 
tube and cooling the gas slowly 
and unevenly. 

Shell, however, uses the so- 
called chemical shock tube sim- 
ilar to type first described by 
Glick, Squire and Hertzberg 
(“Fifth International Sympo- 
sium on Combustion,” p. 393, 
Reinhold, 1955). 

This system uses a shock tube 
compartmented by two alumi- 
num diaphragms and connected 
to an evacuated cylinder. The 
short high-pressure section is 
filled with a light gas; the 
longer section contains the re- 
actant gas or gases. 
> Typical Run—Isolated from 
the shock tube by a concrete- 
block wall, engineers can watch 
the tube through small windows 
and control reaction conditions 
remotely. 

With reactant gas already in 
one tube compartment, driver 
gas is injected into the other 
compartment to a predetermined 
pressure. Then an electric dis- 
charge splits the disk which 
separates driver gas from re- 
actant gas, launching the shock 
wave down the tube. Gas mole- 
cules in the path of the shock 
wave are heated thousands of 
degrees in microseconds (1 mi- 
crosecond = 10° sec.). 

Depending on the dwell-time 
at reaction conditions, a second 
discharge breaks the disk at the 
vacuum chamber. This evacu- 
ates the light driver gas into 
the vacuum chamber. Reaction 
products, cooled by the result- 
ing expansion wave, remain in 
the shock tube for chemical 
analysis with composition frozen 
as it was at the reaction-tempera- 
ture level. 
> Controlling Factors — Ulti- 
mate pressure and temperature 
in the tube depend on driver 
gas used, the ratio of lengths 
of high and low pressure sec- 
tions, the time delay between 
disk ruptures and the gas pres- 
sures. 

Helium or hydrogen are pre- 
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ferred driver gases. Speed of 
shock wave can be varied from 
Mach 1 to Mach 20 (Mach 1 = 
740 mph. at sea level). 

> Collecting Data — Because 
things happen so fast, Shell 
must use a special camera to 
photograph electronic control 
instruments that tell what goes 
on in tube. 

Among the data collected are 
wave velocities during compres- 
sion and expansion. Spectra 
may be taken during the reac- 
tion and ordinary chemical 
analyses may be made after 
quenching the reaction. 

Emeryville engineers hope to 
make two “shots” a day, going 
through all the above steps. 

Some shock tubes are made of 
quartz or have a glass window 
in the side of the metal tube so 
that reactions can be observed 
visually. In fact, most chemical 
work in shock tubes has been 
done using optical methods. For 
luminous reactions, the ionized 
gases photograph themselves. 
> Build or Buy—Although Shell 
engineers built their own shock 
tube, it’s now possible to buy a 
ready-made system for research 
work. Autoclave Engineers and 
American Hollow Boring Co. 
(both located at Erie, Pa.) 
jointly can design and supply 
complete setups, including shock 
tube, compressors, valving and 
instrumentation. 

Tube diameters range from 1 
to 6 in. and lengths from 10 to 
100 ft. For high pressure work, 
tubes are stainless steel. But 
where visibility is desired at 
lower pressures, quartz tubes 
are available. 

Development work currently 
underway is aimed at substi- 
tuting super-fast-acting valves 
(fully open in a matter of milli- 
seconds) for the separating 
disks now in use. 
> Alternate Device—California 
Institute of Technology and the 
Naval Ordnance Laboratory 
have experimented for several 
years with ballistic pistons. 
This tool is a free-piston device 
capable of subjecting gases to 
high pressures and tempera- 
tures. 

It consists of a heavy-walled 
hollow cylinder with a free pis- 
ton inside. High-pressure gas 
drives the piston at a very high 
speed, compressing the sample 


gas in the cylinder to 5,000- 
10,000 psi. and over 10,000 F. 
for a few milliseconds. 

So far, ballistic pistons have 
been used mainly for P-V-T and 
qualitative chemical reaction 
studies. The device can prob- 
ably be used to get reaction 
rates, apparent order and other 
kinetic data. 

However, Shell Development 
people think the shock tube is 
more suitable for their purposes. 
And Shell’s purpose is summed 
up by the feeling that the dis- 
covery of just one new and “in- 
teresting” reaction could be sig- 
nificant enough to initiate a new 
research program that might 
result in a new chemical process 
or product. 


Russians Now Seeking 
More Practical Research 


Fragmentary reports from the 
recent annual meeting of the 
U.S.S.R. Academy of Sciences 
in Moscow reveal that Soviet 
science is trying desperately to 
comply with communist party 
demands for a new “practical” 
approach to research and for 
general house-cleaning. 

About 500 members agreed 
to: 

e Bring science into closer 
touch with life and to speed up 
practical applications of scien- 
tific work. 

¢ Submit themselves for an- 
nual reelection, thereby ending 
Academicians’ and correspond- 
ing members’ lifetime guarantee 
of payment privileges regard- 
less of performance after elec- 
tions. 

eBreak up “petrified” or- 
ganizational structures of vari- 
ous institutes, replacing depart- 
ments and sections with groups 
specially formed to handle prob- 
lems as they arise. 

Behind the reorganization of 
scores of institutes under the 
Academy is the urgent desire to 
accelerate research results from 
laboratory to factory. Also there 
were references at meeting to 
excessive red tape and unjusti- 
fied duplication in scientific 
work. 

Academy agreement to elec- 
tions stems from specific crit- 
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Look INTO THE WYSSMONT WaY*TO... 
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solve your drying problems 


@ As drying engineers we constantly strive to improve 
not only our design but also our methods of testing to eliminate 
guessing. After years of development, we have come up with the 
last word in laboratory test drying facilities. That is why increasing 
numbers of manufacturers are calling on the facilities and “know- 
how” of the Wyssmont drying laboratory to help solve drying prob- 
lems in connection with products that may be fragile, heat sensitive, 
oxidizable, toxic, hazardous or otherwise difficult to process. 


In our Wyssmont Test Dryer, illustrated above, optimum operating 
conditions such as material temperature, drying temperature, dry- 


ing rates, air velocities, turnover cycles are established. These tests 
are further amplified by complete moisture analyses and other 
chemical and physical determinations. The data are translated into 
graphs, such as those shown here. 

Whether the problem involves drying only, solvent removal with re- 
covery, gas-solids reaction or purification by sublimation, the tests 
are exhaustive, the product analysis complete and accurate, the 
report and the conclusions objective. 


*For full information write to: 


DRYING & PROCESS ENGINEERS 


The Wyssmont TURBO-DRYER® is applicable to continuous DRYING 
with SOLVENT RECOVERY, continuous purification by SUBLIMATION, 
continuous SOLID-GAS REACTIONS, and COOLING. 


COMPANY, 


27-02-C Bridge Plaza South, Long Island City 1, N.Y. 
In Great Britain: STURTEVANT ENGINEERING CO. LTD., LONDON EC 4 


YSSMON 


Representatives in principal cities. 
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icism at Party congress by 
agronomist T. S. Maltsev, who 
received backing from Party 
secretary Khrushchev. Although 
Maltsev suggested 20-25% of 
the membership stand reelec- 
tion yearly, it was not an- 
nounced what percentage actu- 
ally will go to the polls. 


Anthracite Waste May Be 
Turned Into Chemicals 


Philadelphia & Reading Corp. 
and General Dynamics _an- 
nounce that they have reached 
an agreement “in principle” to 
produce chemicals from anthra- 
cite mining wastes and residues. 
If the plan goes through, the 
joint venture would produce 
ammonia, ammonium nitrate, 
urea, nitrogen solutions, meth- 
anol, calcium carbide, acetylene 
and vinyl chloride. Company 
would operate under the name 
Dynamics Reading Chemicals. 

Estimated cost of the venture 
is in excess of $100 million; 
plant location would be at Potts- 
ville, Pa., where Philadelphia & 
Reading has large reserves of 
anthracite wastes. Heart of the 
proposed processing scheme 
would be Lurgi coal gasifiers. 
> Process Background — Lurgi 
coal gasifiers are used exten- 
sively in Europe and in the 
Sasol gasoline-from-coal plant 
in South Africa. Equipment 
consists essentially of a pres- 
sure vessel to convert coal into 
gas continuously by treating 
with steam and oxygen. 

In the Sasol plant, the Lurgi 
gasifiers are 14 ft. dia. and 30 
ft. tall. Coal feeds to the top 
of the gasifier through a hy- 
draulically operated pressure 
valve; ash flows from the bot- 
tom through a similar valve. 

Steam and oxygen flow to the 
combustion zone through a ro- 
tating grate in the bottom. Tem- 
perature in the bottom of the 
gasifier is around 1,800 F. and 
is controlled by the relative 
amounts of steam and oxygen 
charged. Temperature of the 
synthesis gas leaving the top 
of the gasifier is around 700- 
800 F. so that top of coal 
bed operates as a_ precoking 
section. 


Plant Makes Tonnage Liquid Hydrogen 


Confirming a flurry of earlier 
rumors, the Air Force recently 
revealed that it has been pro- 
ducing liquid hydrogen on a large 
seale for several months. The 
plant, pictured above, is located 
in Palm Beach County, Fla., and 
was built for the Air Force by 
Air Products, Inc. Although no 
capacity figure is available, in- 
dustry estimates hover around 
3-5 million lb./yr. of liquid hy- 
drogen. 

Other, much smaller installa- 
tions—one built by Air Products 
at Painesville, Ohio; the other, 
by Stearns-Roger Mfg. Co. at 
Bakersfield, Calif—have been in 
successful operation for a few 
years. 

Liquid hydrogen is used in a 
program involving the Centaur 
upper-stage vehicle being devel- 
oped by Convair-Astronautics 
and an upper-stage, liquid hydro- 
gen-liquid oxygen rocket engine 
being developed by Pratt & Whit- 
ney Aircraft. Liquid hydrogen, 
the Air Force points out, has an 
energy content almost three 
times that of present fuels and 


gives an increased thrust of al- 
most 40% over rocket propellants 
now used. 

Biggest hurdle in achieving 
economic large-scale production 
was developing expansion en- 
gines which give better refrig- 
eration than Joule-Thomson ex- 
pansion alone. (Plants in Ohio 
and Calif. presumably use only 
Joule-Thomson effect.) At the 
newest plant, Air Products uses 
hydrogen turbo-expanders. 

Another problem solved is 
large-scale catalytic conversion 
of liquid hydrogen to the stable 
para form for storage and trans- 
portation. 

Source of hydrogen at the 
Florida plant is a Texaco partial- 
oxidation setup using heavy fuel- 
oil feed. Two air liquefaction 
columns supply oxygen for par- 
tial oxidation and nitrogen for 
precooling hydrogen. 

Photo shows feed-purification 
facilities (right, background), 
air-liquefaction columns (left, 
foreground) and hydrogen lique- 
faction and conversion facilities 
(right, foreground). 
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FROM UNION CARBIDE CHEMICALS COMPANY 


Acetonitrile hoosts butylene throughput 58%, 
saves $3,000,000 capital investment 


Unusual solvent useful in saturate-unsaturate and olefin-diolefin separations 


By using acetonitrile as an extractive TABLE 1 RELATIVE VOLATILITIES OF THE C, HYDROCARBONS IN AQUEOUS ACETONITRILE, 120 psia 


distillation solvent, Shell Chemical Cor- 


poration has boosted throughput of the Total Solvent Concentration, 80%m Total Solvent Concentration, 85%m 
existing butadiene feed-preparation unit 
58% in their Torrance plant. Minor Water in Solvent Water in Solvent | Water in Solvent Water in Solvent 
engineering changes for the unit cost Component 15%m 25%m 15%m 25%m 
$148,000: it has been estimated that a 
similar throughput increase through new Isobutane 1.638 1.673 1.637 1.674 
construction would cost about $3,000,000. n-Butane 1.332 1.347 1.348 1.368 
Development work and operating expe- Isobutylene 1.013 1.013 1.013 1.013 
rience have shown that acetonitrile’s Butene-1 1.000 1.000 1.000 1.000 
unusual solvent properties should prove t-Butene-2 0.861 0.856 0.865 0.861 
useful in other saturate-unsaturate and cis-Butene-2 0.821 0.813 0.827 0.820 
olefin-diolefin separation processes. Butadiene-1, 3 0.639 0.599 0.645 0.604 
ADVANTAGES OF ACETONITRILE Water — 0.08 0.045 0.075 0.045 
Acetonitrile has boosted capacity in the Acetonitrile 0.043 0.033 0.043 0.033 


Shell plant because it increases the spread 
in boiling points of the Cy hydrocarbons 
being distilled. Thus, separation of the 
hydrocarbons is more efficient than with 
either acetone or furfural. Relative vola- 
tility of n-butane compared to butene-1 
is about 1.25 with acetone and about 1.30 
with furfural. Acetonitrile increases this 
ratio to almost 1.4. The spread in boiling 
points of butene-1 and butadiene is also 
increased. The table gives data on the rela- 
tive volatilities of C, hydrocarbons in 
aqueous acetonitrile systems. 

After the extractive distillation has been 
completed, acetonitrile can be completely 
recovered from the butane and butylene 
streams with greater ease than acetone. 
This increased recovery efficiency is due to 
the high distribution coefficient of ac- 
etonitrile in water/hydrocarbon systems. 


ENGINEERING CHANGES MINOR 


Because of the similarity of the physical 
properties of acetonitrile and acetone, it 
is not necessary to change the operating 
pressure of extractive distillation columns. 
Shell engineers made only minor changes 
to their unit. Besides a larger reboiler and 
a new pump, two heat exchangers were 
switched and the solvent recovery column 
was connected to vacuum operation. 
Aqueous acetonitrile systems do not foul 
exchanger systems. Corrosion due to 
hydrolysis of solvent at reboiler tem- 
peratures is minimized by pH control. 
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OPERATING COST REDUCTIONS 


The butadiene feed-preparation unit 
operating on acetonitrile has less solvent- 
loss than one operating on acetone. Thus, 
solvent make-up costs are no higher with 
acetonitrile than with acetone. Steam and 
pumping costs have also been reduced be- 
cause reflux and circulation rates are lower. 
This is true even at reduced feed rates. 


ACETONITRILE USEFUL 
IN OTHER PROCESSES 

Acetonitrile is effective in other satu- 
rate-unsaturate and olefin-diolefin separa- 
tions. This heat-stable extractant is useful 
in ethylene-ethane, propylene-propane, 
and cyclopentadiene-cyclopentane sepa- 
rations. The boiling point spreads between 
pentadienes, such as isoprene, and pen- 
tenes are also increased, 

In liquid-liquid extraction processes, 
acetonitrile is effective in removing tars, 
phenols, and color bodies from hydro- 
carbons. Acetonitrile is also useful as a 
selective solvent for fatty acids. 


INFORMATION AVAILABLE 

If you’re looking for increased efficiency 
in your extractive distillation or liquid- 
liquid extraction processes, acetonitrile 
could be the answer. Detailed information 
on acetonitrile as an extractive distillation 
solvent along with information on azeo- 
tropic mixtures of acetonitrile is available. 


For this information, call the nearest 
CarBivE Technical Representative—or 
write, Department B, Union Carbide 
Chemicals Company, 30 Fast 42nd Street, 
New York 17, New York. 


Nothing herein shall constitute a ree- 
ommendation to practice any invention 
covered by any patent without permission 
of the patent owner. 


“Union Carbide” is a registered trade-mark 
of Union Carbide Corporation. 
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New Sif: treatment eliminates free lime to 


cut concrete’s vulnerability to corrosive attack. 


Not by means of linings or 
coatings, but by chemical al- 
teration of concrete itself, sev- 
eral European plants are now 
making concrete products fully 
resistant to weak acids and sul- 
fates, much improved in resist- 
ance to concentrated acids. 
Their process, called ocrating, 
also forms a denser concrete 
with improved resistance to 
mechanical wear. 
> Corrosion’s Gassed Out —In 
the Ocrate process, concrete 
product absorbs silicon tetra- 
fluoride gas in a hermetically 
sealed treating tunnel. Free 
lime in the concrete reacts to 
form calcium fluoride, which is 
extremely stable and resistant 
to chemical corrosion. Free 
lime is the main cause of con- 
ventional concrete’s vulnerabil- 
ity to corrosive attack. 

For increased density, by- 


product silicic acids deposit in 
the concrete’s micropores. 

Ocrietfabriek of Baarn, Hol- 
land, which developed ocrating, 
has been in commercial produc- 
tion since 1956. Company offers 
the process, patented in 33 coun- 
tries, for license. Already there 
are installations in Denmark, 
Australia and Germany. Ocriet 
has just built its own unit in 
France and another for the Un- 
ion of South Africa. 

Among the products made: 
sinks and wash fountains, pav- 
ing tiles and piping. Usually 
done in a treatment tunnel, 
ocrating — of cellars, tanks, 
other containers—has also been 
done on the spot. 
> Cost’s Competitive— Cost of 
ocrated products is generally in 
the same range as that of the 
better grades of conventional 
product. And the need, and cost, 


CONCRETE shapes enter pressure 
vessel for treatment to gain 
resistance to acid attack. 


Treated Concrete Resists Acid Attack 


for protective coatings is elimi- 
nated, length of product life is 
increased. 

Up to the ocrating stage, con- 
crete objects are made conven- 
tionally. The Ocrate plant con- 
sists only of a treatment tunnel, 
SiF, gas reactor with storage 
tank and accessories, heating 
and vacuum apparatus. 

Process lasts 8-12 hr. during 
4-6 of which gas absorption 
takes place. Only one or two 
men are required to operate it. 

Best starting material for 
ocrating is concrete cured to 
optimum mechanical strength, 
achieved by about 28 days of 
air curing, or accelerated by 
steam curing. 
> Predry for Penetration — Be- 
cause SiF, is highly sensitive to 
water, the article to be ocrated 
must be predryed. Depth to 
which it is dried is one of the 
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Hinged Expansion Joints 


Flexible Connectors 


Balanced Expansion Joints 


Controlled-Flexing Expansion Joints 


THE COMPLETE LINE TO TAKE CARE 
OF ANY KIND OF PIPE MOTION 


Flexonics has the equipment — as well as the experi- pansion compensators, flexible connectors, and the 
ence and the skill — to take care of any kind of pipe all-new Flexonics pipe alignment guides—to take care 
motion problem. Here’s where you benefit from more of any kind of pipe motion! pe wa 
research . . . more metallurgical care . . . more service 
. . . and now standard stock sizes for quick delivery Today—write for your copy of the Flexonics 
from Flexonics warehouses. They all add up to expan- Expansion Joint Design Guide . . . 28 pages 
sion joints that you can install and forget — plus ex- of verein laternet 

(fan Member Exp ion Joint Manufacturers Association » 


EXPANSION JOINTS 


FLEXONICS CORPORATION + 1317 SOUTH THIRD AVENUE » MAYWOOD, ILLINOIS 


Divisions 
INDUSTRIAL HOSE - EXPANSION JOINT - BELLOWS - AERONAUTICAL + AUTOMOTIVE 
FI I R ch Laboratories, Elgin, Illinois 
inc da: Fi lcs Corporation of Canada, Limited, Brampton, Ontario 
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PROCESSES & TECHNOLOGY . . . 


LEAD-lined reactor produces SiF,. 


factors by which ocrating depth 
can be controlled. As soon as 
SiF, gas hits a depth where con- 
crete is still wet, the process 
stops as voluminous silicic acids 
fill up the pores. 

Other factors affecting depth 
of ocrating, which at Ocriet- 
fabriek is considered optimum 
at 7-8 mm.: Pressure during 
gas treatment, treatment time, 
amount of gas. 
> Equipment’s Simple — Drying 
and gas treatment go on in the 
same tunnel. At Baarn, there 
are three of them, 12.5 m. long 
and 2 m. in dia. 

Either hot air or steam pre- 
dries products at 70 C. Ocriet- 
fabriek uses steam convention- 
ally produced in a boiler. 

Right after drying, gas is in- 
troduced to the tunnel in 
amounts determined by desired 
ocrated depth and total concrete 
surface. Gas absorption step is 
carried out under pressure of 
about 0.1 atm. Absence of air 
speeds reaction and increases 
its depth. As soon as the cal- 
culated volume of gas is con- 


sumed, the vacuum is_ with- 
drawn. 

Ocriet produces SiF, by heat- 
ing sulfuric acid with sodium 
fluosilicate and kieselguhr to 
60-70 C. Closed, lead-lined, 2.2- 
reactor is automatically 
controlled, steam heated. As 
SiF, gas is produced, pressure 
rises. Each charge produces 40 
cu.m. of gas. An 8-cu.m. storage 
tank holds 40 cu.m. of gas under 


pressure. 


Patent Reveals Process 
For Making Boron Nitride 


Among the promising new 
products that Carborundum Co. 
will bring to semi-commercial 
development in its new Niagara 
Falls, N. Y., pilot plant is a 
chalky-white compound—-boron 
nitride. Methods for preparing 
this material and hot-pressing it 
into shapes are outlined in a new 
patent (U.S. 2,855,316) issued to 
Carborundum. 

Boron nitride is similar to 
graphite in crystal structure, is 
a good thermal conductor and 
good electrical insulator. It also 
has high thermal shock resist- 
ance and is inert to most organic 
chemicals and corrosives. 

Boron nitride’s Achilles’ heel 
is a tendency to dissolve in water 
or alcohol solutions. The patent 
outlines techniques for adding 
alkaline earth compounds (e.g., 
tricalcium phosphate) to the ma- 
terial to impart a “superior re- 
sistance” to attack by water and 
alcohol. 

Powder for hot pressing is 
made by mixing boric acid ind 
tricalcium phosphate (in about 
a 5:30 ratio) in a water paste, 
agglomerating, and nitriding in 
an ammonia atmosphere in an 
electric furnace at 1,650 F. Re- 
action mix is then leached with 
dilute HCl to dissolve the tri- 
calcium phosphate and any free 
boric oxide, washed with water 
and dried. 

To hot-press, about 10% tri- 
calcium phosphate is added to the 
boron nitride powder. Pressing 
temperature ranges from 2,700 
F. to 3,450 F. at 500 psi. or 
higher, giving dense white 
shapes with compressive 
strengths around 40,000 psi. It’s 
not known exactly why the ad- 


dition of tricalcium phosphate 
improves the water and alcohol 
resistance of these bodies. 


Computer-Logger Aids 
In Gas Distribution 


Public Service Co. of Colorado 
is installing a digital computer- 
logger to help in its distribution 
of natural gas. The machine, a 
Libratrol 500, was designed and 
manufactured by Librascope and 
is sold by GPE Controls. 

Major job of the machine will 
be to compute gas demand at 
metering stations throughout 
Colorado, reporting to dispatch- 
ers in Denver the quantities of 
gas being used. With this infor- 
mation, system dispatchers can 
better control sources of gas 
supply when demand peaks. 

Computer will periodically 
scan 55 telemetered flow vari- 
ables from metering stations. 
Each station will send in static 
pressures, differential pressures 
and temperature readings. From 
these variables and orifice con- 
stants and gas temperature fac- 
tors, computer will calculate gas 
flow and loads and will log the 
individual totals hourly. 


NEWS BRIEFS 


Ultrapure silicon: Westing- 
house has completed agree- 
ments with Monsanto and 
Dow Corning, licensing them 
to produce and sell ultrapure 
silicon. Process, originating 
with inventions of Siemens & 
Halske and Siemens-Schuck- 
ert in Germany, and from sup- 
plemental contributions by 
Westinghouse engineers, turns 
out silicon with under one 
part in 6 billion impurity. 


Dry lubricant: Fairchild Cam- 
era and Instrument Corp. 
Syosset, Long Island, N. Y., 
recently announced a new 
process for coating water- 
mixing valves and other allied 
equipment with a permanent, 
corrosion-resistant dry lubri- 
cant. Coating of lubricant 
is approximately 0.0001-0.0002 
in. thick and is permanently 
bonded to the metal surface. 
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Stainless Steel equipment 
= protects 100% 
product purity 


at Eli Lilly and Company, Indianapolis, Indiana 


United States Steel Corporation—Pittsburgh 
American Stee! & Wire—Cleveland 

National Tube—Pittsburgh 

Columbia-Geneva Stee!—San Francisco 

Tennessee Coal & Iron—Fairfield, Alabama 

United States Stee! Supply—Stee! Service Centers 
United States Steel Export Company 


In this revolving drum, tablets are coated with syrups, powders and waxes. Because the drum is Stainless Steel, it takes only a few seconds to clean it with steam jets. 


“Science has created hundreds of lifesaving and pain- 
relieving formulas,’’ says an official of Eli Lilly and 
Company. “‘But unless these formulas are produced in 
medicines that are 100% free of every possible con- 
tamination, they could do more harm than good. We 
make millions of tablets every month, for instance, and 
we must be positive that the ingredients are pure for 
every single one. That’s why we use nothing but Stain- 
less Steel for so much of our equipment. 

“Stainless guarantees product purity. It resists cor- 
rosion. It’s durable and hard, won’t chip or crack. It 
has a smooth, dense surface that is easy to keep clean— 
and it is not harmed by the cleaning agents we must 
use. True, we paid more to install Stainless Steel, but 
it will save money in the long run because we don’t 
have to worry about replacements.” 

Eliminate product contamination in your plant. Start 
by examining your equipment to see if it’s a threat to 
cleanliness. Replace it with Stainless Steel. And specify 
USS Stainless Steel for service-tested quality. 

USS Stainless Steel is available through your U.S. 
Steel representative or your local Steel Service Center. 


USS is a registered trademark 


(iss) United States Steel 
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@EVELOPMENTS... 


CHEMICAL ECONOMICS sy x. cannon 


Jet engines & plastics may brighten end-use pattern 


Sulfonated & misc. 
Hydrogenated oil 


Paints, varnishes, resins Sebacic acid 


Note: In 1951, 93 million Ib. of castor oil went to government stockpiles. 


Total U. S. consumption 
of castor oil 
(million 


Polyamides & 
urethanes 


Synthesis: Boon and Bane for Castor Oil 


Its older markets under pressure from 
synthetic substitutes, castor oil seeks work now as 
a building block in chemical synthesis. 


Even a chemical raw material 
that’s been around as long as 
castor oil can learn new tricks 
on the ground—and look hope- 
fully to the space age for new 
market opportunities. 

It’s well that it can, too. As 
castor oil’s traditional outlets— 
in which it serves pretty much as 
is or in a slightly modified form 
—are eroded by synthetics, it 
must turn, if it is to grow, to 
new areas where its chemical 
makeup can be used to good ad- 
vantage in synthesis: 

¢One of castor oil’s deriva- 
tives—sebacic acid—is a key in- 
gredient in several jet-engine 
lubricants. 

e Nylon-11, a new polyamide 
resin based on castor oil, is al- 
ready established in Europe and 
is just now being marketed to 
plastic and fiber manufacturers 
in this country. 


¢ Chemical-resistant ure- 
thane coatings, based in part on 
castor oil, are being proposed. 
e Promise of a more stable 
supply—in the form of sharply 
increased cultivation of castor 
beans in the U.S.—enhances 
castor oil’s attractiveness as a 
chemical building block. 
Sebacate lubricants have a lot 
going for them. They do not 
foam, they have constant viscos- 
ity over a wide temperature 
range, high film strength to 
withstand heavy gear loads, low 
volatility and a low coking rate. 
> Synthetic Rival—But castor- 
oil-based sebacic must vie for the 
jet-lube market with synthetic 
sebacic acid made from butadiene 
and sodium. National Distillers 
and Chemical’s U.S. Industrial 
Chemical Div. has a plant at 
Tuscola, Ill., which can turn out 
several million lb./yr. of syn- 


thetic sebacic and _ isosebacic 
acids.* 

If original production-cost es- 
timates hold true, this output 
will capture a significant chunk 
of castor oil’s market in sebacic 
acid, which was a hefty 30 mil- 
lion lb. of oil in 1958. 

And not only could Tuscola’s 
synthetic sebacic grab a sizable 
share of the lubricant market, 
but it would be expected to equal 
the performance of naturally- 
produced sebacic acid as a plas- 
ticizer and intermediate in nylon 
production. 
> Market Swing —If synthetic 
sebacics don’t develop fully, some 
60 million lb. of castor oil will go 
to sebacic acid manufacturers in 
1965. If synthetics are successful 
This picture changed suddenly, 
however, when a U.S.I. spokesman re- 
cently announced suspension of sebacic 
acid production at scola “for the 


time being because of inadequate mar- 
kets for existing products.” 
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Which of these common 
fire hazards threaten you? 


~< 
DRYERS 


If your plant has one or more of these common fire 
hazards, ordinary fire protection may not prove ade- 
quate! You also need special fixed-type protection 
that constantly guards specific highly hazardous areas! 

C-O-Two Fire Extinguishing Systems are specially 
designed for closed or partially-closed spaces in which 
highly flammable liquids or solids are manufactured, 
handled or stored... or where there is fixed or rotat- 
ing electrical equipment. The C-O-Two line includes 


SYSTEMS 


SWITCHGEAR 


dependable, high-quality carbon dioxide, dry chemi- 
cal or foam systems to extinguish fire, plus detecting 
systems to detect and locate fire automatically. 

Your experienced C-O-Two representative is well 
qualified to carefully analyze all special hazards. Be- 
cause he offers the industry’s largest line of fire protec- 
tion products and services, he can make equipment 
recommendations without prejudice. Each C-O-Two 
System is carefully engineered and manufactured . ... 
and C-O-Two will also expertly install the system, if 
desired. 

Why not review your common fire hazards now? If 
protection is either lacking or inadequate, you can 
confer at no obligation with your nearby C-O-Two 
Industrial Fire Protection Engineer! Call him today 
at these offices: 


products of 
THE FYR-FYTER COMPANY 


ATLANTIC COAST REGIONAL OFFICE 
P.O. Box 750, Newark 1, New Jersey 

CENTRAL STATES REGIONAL OFFICE 
221 Crane St., Dayton 2, Ohio 

PACIFIC COAST REGIONAL OFFICE 
132-140 Hawthorne St., San Francisco 7, California 


BRANCHES: Atlanta, Baltimore, Boston, Chicago, Dallas, Dayton, 
Detroit, Los Angeles, New York, Newark, Philadelphia, Pittsburgh, 
Portland, Rochester, San Francisco, Seattle, Toronto (Ontario). 
Representatives and Distributors in all principal cities. 


Typical bank of C-O-Two Systems 
carbon dioxide cylinders. 
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they could slice castor oil outlets 
in sebacic acid to 22 million 
lb./yr. in 1965, according to 
Stanford Research Institute 
economists.* 

Total end use of castor oil in 
1965 could, therefore, run be- 
tween 179 and 217 million lb., de- 
pending on the synthetic’s im- 
pact. 

Other imponderables: varia- 
tions in jet engine size, number 
of jets in service, and methods of 
lubrication. Thus, industry ex- 
perts cautiously predict a 1965 
market for sebacic acid in lubri- 
cants that’s two to three times 
as high as the present level of 
consumption of 6 million Ib./yr. 
> Another Nylon — Nylon-11 
(sometimes called Rilsan) is a 
castor - oil-based polyamidet 
jointly developed by France’s 
Organico (a Pechiney subsid- 
iary) and Italy’s Snia Viscosa. 
Plants are already in operation 
in France, Italy and Brazil, with 
a total capacity of upwards of 10 
million Ib. 

Now comes the news that ny- 
lon-11 resin is available to U.S. 
manufacturers of plastics and 
fibers (Chem. Eng., May 18, 
1959, p. 68). Dome tic produc- 
tion plans will “follow at an early 
date.” 

Nylon-11 has low inflamma- 
bility, good mechanical proper- 
ties and low moisture absorption. 
It causes none of the allergenic 
reactions sometimes attributed 
to other fiber polymers. 
> Castor-Urethanes—Castor-oil- 
based urethanes were described 
at the recent Boston ACS meet- 
ing by spokesmen for Allied 
Chemical, Baker Castor Oil and 
others. One commented that cas- 
tor oil “is an especially versatile” 
polyfunctional organic compound 
for preparation of urethane 
coatings. 

These urethanes, some of 
which contain 80% castor oil by 
weight, could stimulate the mar- 
ket for castor oil, says SRI, even 
if as little as 10% of the indus- 
trial paint market were captured. 

bd In a study headed by Edward L. 
Searff, SRI industrial economist, for 


the Kern City Land Co., and Foremost 
Food & Chemical Co. 


+The nylon-11 monomer, 11-amino 
undecanoic acid—NHeCHe (CHe)»s COOH 
—1is probably produced by high-temper- 
ature hydrolysis of castor oil (86% 
18-carbon ricinoleic acid) to unde- 
eylenic acid, a C-11 compound, and 
heptanol, a C-7 byproduct, followed by 
amination of the methyl ester. 
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Demand for an additional 20-25 
million lb. of castor oil annually 
would result. 

Here’s the outlook for other 
applications of castor oil, as seen 
by SRI economists: 

Paints, Varnishes and Resins 
—These products will continue 
to be the backbone of the castor 
oil industry. Consumption in this 
market will be 112 million lb. in 
1965 vs. 64 million Ib. last year. 

Since the early 1940s, castor 
oil has become a key component 
of alkyd resins in industrial 
paints. The oil imparts good ad- 
hesion, high gloss retention, a 
non-yellowing characteristic and 
excellent flexibility to resins used 
as protective coatings on autos, 
refrigerators, washers, Venetian 
blinds and toothpaste tubes. 

Hydrogenated Castor Oil — 
Look for a healthy increase in 
use of this material, from 15 mil- 
lion lb. last year to 29 million lb. 
in 1965. Grease users will con- 
tinue to depend heavily on hydro- 
genated castor oil in producing 
12-hydroxy stearic acid for lith- 
ium greases. However, stearic 
acid—not made from castor oil 
—will probably become competi- 
tive with 12-hydroxy stearic in 
this application. 

Sulfonated Castor Oil— This 
and other miscellaneous deriva- 
tives will have to be content with 
a modest growth in consumption 
—from 10 million Ib. in 1958 to 
16 million Ib. in 1965. 

New markets in jet lubricants, 
polyamide resins and urethane 
coatings are developing at a time 
when domestic processors of cas- 
tor oil can well use new outlets 
for their product. 
> More Oil, Less Beans — Ma- 
jor sources of castor beans— 
Brazil and India—are discourag- 
ing export of beans so that their 
crops may be processed in home 
crushing facilities. Thus, to the 
dismay of U.S. castor oil proc- 
essors, imports are increasingly 
in the form of oil. 

Idle U.S. crushing equipment 
presents an incentive for domes- 
tic cultivation of castor bean 
crops. 

Historically the United States 
has depended on imports for 
castor beans and oil. As recently 
as 1956, approximately 99% of 
the castor beans and oil were 
supplied from abroad. Harvest- 
ing difficulties, labor costs and 


low crop yields were largely re- 
sponsible for discouraging po- 
tential U.S. growers from en- 
tering into large-scale bean 
planting. 

>» Made in U.S. A.—More re- 
cently, improved harvesting 
equipment and upgraded varie- 
ties of castor beans—and land 
withdrawn from production of 
surplus agricultural products 
like feed grains—have aroused 
farmer interest in castor beans 
as a cash crop. 

In 1957 about 10 million Ib. 
of castor oil came from domestic 
sources—out of a total U.S. sup- 
ply of 147 million lb. Domestic 
oil production last year, however, 
is estimated at close to 20 mil- 
lion Ib., or about 16% of total 
supply. 
> Grow, Don’t Squeeze — SRI 
holds out far more hope to U.S. 
growers of castor beans than it 
does to processors. 

These are the encouragements 
to the growers: 

As foreign countries restrict 
trade in beans and promote trade 
in castor oil, more excess crush- 
ing capacity will appear not only 
in the U.S. but in other import- 
ing countries. 

The great bulk of our substan- 
tial market for castor oil is still 
being supplied by import ship- 
ments. 

Technical difficulties in grow- 
ing and harvesting beans have 
been minimized. 

Creation of a stable domestic 
supply and pricing policy may 
boost domestic consumption of 
castor oil. 

And these are the warnings to 
domestic castor oil processors: 

Castor oil’s growth outlook is 
not overly impressive. 

Competition from abroad is 
stiff and stiffening. Castor oil, 
moving directly from foreign 
producers to U.S. consumers, is 
reducing the need for domestic 
oil production. 

Several domestic oil producers 
already have excess bean-crush- 
ing capacity which could be used 
to handle new domestic produc- 
tion of up to 235 million Ib. of 
castor oil. 

There’s capacity now to pro- 
duce enough dehydrated castor 
oil, hydrogenated castor oil and 
castor-based sebacic acid to sat- 
isfy all foreseeable increases in 
demand. 
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A few of the more than 100 Foxboro d/p Cell Flow Transmitters installed at Missouri Chemical Works of Hercules Powder Company, Louisiana, Missouri. 


Hercules’ Missouri Chemical Works reports: 


66 * At Hercules Powder Company's 540-acre Missouri Chemical 
Foxbo ro d/p Cells Works, there are over 100 Foxboro d/p Cell Transmitters in 


operation today — providing high-speed flow measurement 


always accurate ees and transmission throughout the ammonia, formaldehyde, 


9s methanol and pentaerythritol plants. 
never need re -calibration “Reliability is the big thing,” according to Hercules in- 
strument engineer J. J. VanShaik. “We can install a Foxboro 
d/p Cell and forget it. Once it’s calibrated, we know it'll stay 
that way. We never even stock spare parts.” 

Hercules especially likes the Foxboro d/p Cell for flow 
control. “Gives us closer control,” says instrument engineer 
H. McCombie. “Eliminates one possible source of inaccu- 
racy and maintenance trouble in the control loop.” 

Let Hercules’ experience be your experience — with 
Foxboro d/p Cell Transmitters as the basis for your control 
system. Write for full details in Bulletin 13-11A. The Foxboro 
Company, 366 Neponset Avenue, Foxboro, Massachusetts. 


* Reg. U. S. Pat. Off. 
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FRANCES ARNE 


GOLDEN color is key to tire cord’s heat stability, photographs like metal. 


Nylon 6 Moves Into Tire Cord 


Allied Chemical has an- 
nounced the world’s first fully 
commercial production of tire 
yarn made from caprolactam. 
The polymer is based on epsilon 
aminocaproic acid with a molec- 
ular construction almost iden- 
tical to that of nylon 6,6. 
> Purity and Strength—Though 
many other yarn manufacturers 
have tried unsuccessfully to 
adapt the caprolactam-based 
material to tire manufacture, 
Allied researchers worked on 
the theory that the drawbacks 
were not inherent in the raw 
material itself. Their accom- 
plishment was the development 
of optimum process conditions 
to produce the world’s purest 
caprolactam monomer. In addi- 
tion, their polymer has a higher- 
than-usual molecular weight, a 
contribution to the end prod- 
uct’s tensile and other strengths. 
> Stability Is Golden — Called 
Golden Caprolan, the new tire 


yarn is gold rather than white 
as other nylon yarns. Golden 
color is functional, decorative 
only incidentally. It is the re- 
sult of an unnamed additive in- 
troduced to the polymer. This 
additive, according to Allied, 
set a new high level of heat 
stability for nylon tire yarn 
which the rest of the industry 
has since worked to catch up 
with and approximate. 

> Special Spin — Company has 
also developed new spinning 
techniques especially suited to 
caprolactam polymer. In the 
past, others had simply tried to 
impose nylon 6,6 spinning tech- 
nology causing regeneration of 
caprolactam monomer, loss of 
fiber strength, sensitization to 
oxidation. 

Golden Caprolan also lays 
claim to an exceptionally high 
level of resistance to flex fa- 
tigue, contributing importantly 
to the sidewall life of tires. It 


is already used in volume by all 
major tire producers. It is being 
made into casings for passenger 
cars, trucks, buses and off-the- 
road equipment. 

» Family Affair—Yarn is pro- 
duced by National Aniline in 
Hopewell, Va., at a 20-million- 
lb./yr. unit operating at capac- 
ity since February. Adjacent 
60-million-lb./yr. caprolactam 
plant feeds on material from 
Allied’s nitrogen division plant, 
also nearby, and captive phenol. 
> Other Applications—In addi- 
tion to the tire yarn, Allied has 
introduced Textured Caprolan 
filament yarns said to produce 
fabrics which may be dyed to 
colors of striking depth and 
beauty. Simple to clean, they’re 
credited with unexcelled resist- 
ance to crushing and matting 
and do not pill, shed or fuzz. 
Caprolan is also the leading 
caprolactam based nylon fiber 
in marine cordage, fire hose, 
webbings, and other heavy in- 
dustrial applications. — Allied 
Chemical Corp., N. Y. 92A 


Emulsifiers 


Amino acid-fatty acid salts 
expected to find pharma- 
ceutical use. 


A new series of emulsifiers, 
the amino acid-fatty acid salts 
are available in research 
quantities. 

Most of this series is based 
upon natural raw materials. 
The combination has the in- 
teresting property of rendering 
unsaturated fatty acids stable 
toward oxidative rancidity, even 
at elevated temperatures. 

Most of the products are 
solids and are excellent emulsi- 
fiers. Emulsification and sur- 
face tension, however, may be 
varied depending upon the chain 
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IR PISTON & VALVE ASSEMBLY 


AIR MOTOR 


STAINLESS 
STEEL 


PUMP 


for pumping acids and 
corrosive liquids” 


IR CYLINDER 


AIR INLET THREAD 
Y%—18 N.P.T. (F) 


AUTOMATIC OILER 


O-RING SEAL 


UPPER PUMP ROD 


3 FLUID OUTLET THREAD 
Y—14 N.P.T. (F) 


PUMP BODY 


* Also available in standard steel 


for non-corrosive materials. 


THREAD, 
MOUNTING) CHECK THESE 
FEATURES: 


A Air-operated (20 to 200 Ibs 


pEQUALIZER PISTON ASSEMBLY 
P.S.1.) Reciprocating 


ACID PROOF 


ACID PROOF 


HEQUALIZER CYLINDER 


Delivers Equal Amounts on Both 
Strokes with Constant Flow 


Vv Double Acting—Positive Displacement 


LOWER PUMP ROD 


r 


LLOWER PISTON ASSEMBLY 


& Vv Initial Cost and Upkeep Much Less Than 
> Centrifugal Pumps 


av 4 Pump Requires No Electricity 


% Vv Delivery up to 20-GPM (depending on air 
~ pressure used) 


ACID PROOF 


PUMP TUBE 


v v Standard Size for 55-gallon Containers Fits 2” Bung 


FOOT VALVE ASSEMBLY 
Opening. Other Sizes Available on Request 


EXTENSION TUBE 
FOR DIFFERENT 


SIZE CONTAINERS vy Light Weight—Easy to Handle 


Vv No Pressure on Container 


Vv No Packings to Leak 


Vv All Cups or Seals Made of Acid Proof Material 


AL CRAN K 
| 
% 

NEEDLE VALVE.__ 4 
4 

Complies with Pure Food and Drug Requirements <7 ane 
4 

/ 

f 

~~ 

ay 
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 BALCRANK IN 
For more information write or wire... 


CHEMICALS . . . 


length of the fatty acids con- 
stituent. 

Because these materials are 
obtained from natural sources, 
it is probable that they would 
be useful emulsifiers for prod- 
ucts taken orally by humans, 
especially for pharmaceutical 
and related products.—General 
Mills, Inc., Minneapolis. 92B 


Dimethoxy propane 


Aids_ esterification per- 
formed by carboxylic acid- 
alcohol reaction. 


The utility of 2,2-dimethoxy- 
propane, 98% as a water scav- 
enger in the preparation of 
esters by the carboxylic acid- 
alcohol reaction has recently 
been disclosed. 

Water and ester are formed 
in this reaction, and eventually 
reach a point of equilibrium 
where they react with each 
other to reform the starting 
materials. Unless a water scav- 
enger is used, the result is low- 
ered ester production. 

2,2-dimethoxypropane over- 
comes this equilibrium problem 
by reacting with the water, thus 
removing it from the reaction 
mix. It also possesses handling 
advantages over other tech- 
niques for scavenging water. 

The new scavenger permits 
ester yields of over 90% from 
nearly stoichimoetric amounts 
of alcohol and acid, and helps 
the reaction to take place under 
moderate conditions. Acetone 
and methanol produced in the 
scavenging reaction are easily 
volatilized from the reaction 
mixtures.—Dow Chemical Co., 
Midland, Mich. 94A 


Plasticizers 


Two epoxy-containing plas- 
ticizers improve  vinyl’s 
outdoor life. 


Two epoxy-containing 
plasticizers for vinyl resins are 
now being produced in _ pilot 
plant quantities. It is antici- 
pated that both will be made on 
a commercial scale by the mid- 
dle of the year. 


The new compounds, Flexol 
plasticizers 107-D and 163-D, 
function both as_ plasticizers 
and as viny! chloride stabilizers. 
They are completely compatible 
with vinyl chloride resins even 
at concentrations as high as 70 
parts of plasticizer per 100 
parts of resin. 

Flexol plasticizer 107-D, 
which chemically is di(2-ethyl- 
hexyl)-4,5-epoxy tetrahydroph- 
thalate, is quite similar in 
plasticizing properties to dioctyl 
phthalate but is less volatile 
and stronger’ solvating 
power. 

Flexol plasticizer 163-D, 
chemically  di(iso-decy])4,5- 
epoxy tetrahydrophthalate, is 
similar in plasticizing proper- 
ties and structure to di(iso- 
decyl) phthalate. However, it is 
even less volatile and more re- 
sistant to extraction by oil.— 
Union Carbide Chemicals Co., 
New York, N. Y. 94B 


UV Light Absorber 


Aims at expanding poly- 
ethylene’s outdoor use. 


A new ultraviolet light ab- 
sorber has been developed 
which is expected to substan- 
tially increase polyethylene’s 
out-of-doors use. Called UV 314, 
it is 2,2’-dihydroxy-2-n-octoxy- 
benzophenone. 

In tests conducted in Arizona 
sunlight, ten-mil polyethylene 


sheets containing 0.171% of UV 
314 retained 85% elongation 
after two months. Untreated 
sheets retained only 9%. When 
exposed to weather and sunlight 
for only one month, untreated 
polyethylene loses its flexibility 
and rapidly becomes stiff and 
brittle. 

Today’s commercially avail- 
able ultraviolet absorbers, with 
the exception of carbon black, 
have not been compatible with 
polyethylene. Although  ex- 
tremely effective as a light ab- 
sorber, carbon black limits use 
of the resin to opaque, black 
products. 

UV 314 is a pale yellow pow- 
der. Its long alkyl group (n- 
octyl) at the ether linkage 
makes it compatible with poly- 
olefins. 

It is expected to be available 
commercially early next year. 
Present studies indicate a prob- 
able sales price of $7-10/lb.— 
American Cyanamid Co., New 
York, N. Y. 94C 


W and Mo Chemieals 


Expected to find wide use 
in petrochemicals,  pig- 
ments fields. 


In a move prompted by grow- 
ing interest in molybdenum and 
tungsten chemistry, six new ma- 
terials will initially be avail- 
able in experimental quantities. 
They are: phospho 12 molybdic 


Page Number is also 
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Nylon 6 moves into tire cord 
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New Swenson Crystallizer 
produces 100 tons of high-grade 
potassium chloride crystals a day. 


Forward Step in KCI Crystallization 


A new Swenson Crystallizer is helping the Na- Swenson Crystallizers are designed to meet 
tional Potash Company of New Mexico make your requirements, both as to construction 
KCI (potassium chloride) crystals of the desired materials and capacity. New technical pa- 
size and of exceptional uniformity. The opera- per gives valuable facts. Send for it today. 
tion is simple and stable. Downtime is minimized Swenson Evaporator Company, 15669 Lath- 
due to an unusually long boil-out cycle. rop Avenue, Harvey, Illinois. 


87 OF AMERICA’S “FIRST HUNDRED” CORPORATIONS ARE WHITING CUSTOMERS 


Proved Engineering for the Process Industries Since 1889 


A Division of 
WHITING 


Corporation 


WHITING—MANUFACTURERS OF CRANES; TRAMBEAM HANDLING SYSTEMS; TRACKMOBILES; FOUNDRY and RAILROAD EQUIPMENT 
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A vacuum former has success- 
fully cast two exceptionally 
large epoxy resin molds for 
long-run production of plastic 
wading pools. They weigh over 
300 Ib. each and measure 29%, 
by 45 in. with a 9-in. draw. 

Up to now, casting molds of 
this size with epoxy has been 
avoided because the exothermic 
heat from a large amount of 
hardening resin may distort the 
mold. Cast aluminum dies have 
therefore been preferred de- 
spite economies which might 


Giant Molds, Free of Distortion, Cast With Epoxy 


otherwise have been offered by 
epoxies. 

Chanal Plastics diminished 
the heat problem by using 
Smooth-On Mfg. Co.’s_ Sonite 
hardener 41 to harden Metalset 
A-3, the aluminum-filled resin. 
Sonite does this by bringing a 
large casting to a gel stage be- 
low the critical temperature for 
a plastic mold. After this stage, 
curing at high temperatures can 
proceed without fear of distor- 
tion.—Smooth-On Mfg. Co., Jer- 
sey City, N. J. 96A 


acid; silico 12 molybdic acid; 
molybdenum dichloride; molyb- 
denum trichloride; molyb- 
denum tribromide; and tung- 
sten pentabromide. 

Phospho and silico molybdic 
acids are distinguished by their 
extraordinarily high rates of 
solubility in water. In addition, 
they are very soluble in some 
organic solvents—ethers, al- 
cohols and ketones, in that 
order. Recause these compounds 


96 


are relatively large molecules, 
with formula weights in the 
range of 2,000, they behave in- 
terestingly in chemical reac- 
tions. 

Both heteropoly acids are 
strong oxidizing agents and can 
be readily changed to fairly 
stable reduced compounds. Re- 
duction products are colored an 
intense deep blue. A number of 
promising applications loom for 
these two chemicals. Investiga- 


tions suggest that they may play 
important roles as catalysts, 
organic precipitants, and cor- 
rosion inhibitors. They are ex- 
pected to find widest use in the 
petrochemical and _ pigment 
fields as well as in analytical 
chemistry. — Climax Molyb- 
denum Co., New York. 94D 


BRIEFS 


Adhesive-finished rayon yarn 
of high tenacity for re- 
inforcing mechanical rubber 
goods has been announced. 
Identified as Super Cordura 
type 272-F, it is said to em- 
body the advantages of ad- 
hesion without necessity for 
fabric dipping. It thereby re- 
duces cost of processing, de- 
creases inventory  require- 
ments, eliminates need for 
adhesive-dipped fabrics with 
short shelf life——Du Pont Co., 
Wilmington, Del. 96B 


Liquid barium - cadmium - zinc 
compounds, knows as Ferro 
1234 and Ferro 1237, are de- 
scribed as highly efficient sta- 
bilizers for plasticized vinyl 
formulations. Each is for a 
different set of process con- 
ditions.—Ferro Corp., Cleve- 
land, Ohio. 96C 


Polyolefin fibers, especially tai- 
lored for a wide variety of end 
uses is now being produced 
by company’s footwear and 
general products’ division. 
Called Royalene, the poly- 
ethylene and polypropylene 
fibers are said to have out- 
standing properties for ap- 
plications ranging from nau- 
tical rope to coaxial cable 
braid.—U. S. Rubber Co., New 
York, N. Y. 96D 


For More Information . . . 
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department, circle its 
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In a variety of combinations, 
chemical plant and oil refinery 
equipment require alloy steels: 
Some components with stain- 
less parts... some completely 
stainless ... some with a num- 
ber of other alloys, but all 
capable of specific customized 
functions. 


Whatever your requirement for 
Specialty, Sun Ship is prepared 
to custom-construct pressure 
vessels, plate work, autoclaves 
and machinery . . . each to 
specifications and require- 
ments... each made to order. 


Sun 


IS HIPBUILDING ® DRY DOCK. ‘COMPANY 


ON THE DELAWARE « SINCE 1916 « CHESTER, PA. 
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GRIT applied at 40 psi. for 20 min. shows the relative abrasion resistance 


of motor insulation: varnished cambric (left); flake mica; GE’s Polyseal. 


Motors Sport New Look, New Insulation 


Claiming features that “will 
change motor-buying habits 
throughout industry,” General 
Electric recently announced 
complete redesign of its entire 
a.c. motor line. Among the new 
features are the “square look” 
and “Polyseal” insulation sys- 
tems. 
> Appearance Plus—Aside from 
appearance, the square-look de- 
sign offers better enclosure and 


considerable savings (22-45%) 
in floor space, says GE. Lower 
noise levels and greater over- 
all ruggedness are also cited as 
advantages. 

Easy motor maintenance is 
another factor. For example, 
the new cast iron flat end- 
shields—offering a weight re- 
duction of almost 70%—can 
now be handled by one man. 
And, a number of accessory kits, 


such as splashproof louvers or 
space heaters can convert the 
motors for maximum protection 
against damp atmospheres. 

Tailored to specific industry 
needs, the square-look series 
(otherwise known as the Cus- 
tom 8000 general line) comes 
only in ratings from 100 to 600 
hp., whereas GE’s entire rede- 
signed line covers the span from 
1 to 5,000 hp. 
> Insulation Cuts Costs—Four 
criteria of good electrical in- 
sulation are: 

e Dielectric strength. 

e Thermal endurance. 

¢ Mechanical stamina. 

e Withstand environment. 

Until GE developed Polyseal 
insulation systems, they had no 
single material that came up to 
par on all four points. Earlier 
systems, therefore, used a bal- 
ance of materials to meet re- 
quired specifications. 

Silicone rubber shows good 
dielectric strength and thermal 
endurance, but it lacks required 
mechanical strength. So GE 
permanently combined it with a 
strong material — Dacron-glass 
fabric. 

First, this material is treated 
with a wetting agent. Then sili- 
cone rubber is calendered into 
the fabric. Resulting Polyseal 
insulation strips, which can be 
vulcanized and cured, have a 
mechanical strength 300% bet- 
ter than the unsupported sili- 
cone rubber alone. (See photo 
above.) 

Cost of Polyseal insulation is 
three or four times greater than 
that of other insulations. But 
this cost is balanced by a drop 
of one frame size for motors of 
equivalent ratings. 

Equipped with chemically re- 
sistant Polyseal insulation, GE’s 
open motors can be applied in 
some environments previously 
limited to totally enclosed mo- 
tors. Polyseal systems are 
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Announcing a 
New Source for: 


in stock for immediate delivery. 


Described in Bulletin 20-S. 


leadership through research — 


CORPORATION 


ON, NEW JERSEY + MUrdock 7-2000 
STAINLESS and SPECIALTY STEELS - exclusively 
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EQUIPMENT DEVELOPMENTS . . 


available with all motors of the 
redesigned line.—General Elec- 
tric Co., Schenectady, N. Y. 98A 


Data Reducer 


Speeds reading of charts; 
prints digital results. 


Developed for field work or 
small projects, a new data- 
reduction instrument reads os- 
cillogram and strip-chart am- 
plitudes (up to 64 in.) and 
prints the data on adding ma- 
chine tape. Next to the ampli- 
tude, the instrument also re- 
cords a sequential count for 
each reading. 

Called the GOAT, the device 
consists of two parts: a station- 
ary unit including the printing 
counter and necessary servos, 
and a hand-held rectangular 
frame with fixed and variable 
hair lines that can be moved by 
means of a control knob. These 
two sections are related to each 
other through a flexible shaft 
and electric cables. Instrument 
price is $995.00.—Gerber Scien- 
tific Instrument Co., Hartford, 
Conn. 100A 


End-Point Analyzer 


Process-stream device gives 
Engler test results. 


A new end-point analyzer con- 
tinuously and automatically in- 
dicates the Engler end-boiling 
point of hydrocarbon stocks or 
materials having an end-point 
range of 200 to 600 F. Operating 
right at the process equipment, 
the analyzer delivers reproduci- 
bility within +1°F. Results cor- 
relate with ASTM D-158 or 
ASTM D-86. 

Main components of the new 
analyzer are: a boiling pot with 


100 


constant heat input, a fraction- 
ating tower packed with berl 
saddles, a pneumatic pressure 
control system, and a tempera- 
ture-sensing unit. The instru- 
ment meets all requirements for 
Class I, Group D applications.— 
Technical Oil Tool Corp., Los 
Angeles, Calif. 100B 


Computer 


Versatile analog unit fits 
on engineer’s desk. 


PACE TR-10 analog comput- 
ers have been designed to solve 
those problems whose magni- 
tude or complexity do _ not 
justify the use of large, general- 
purpose precision analog com- 
puters. Fully transistorized, the 
computer houses all computing 
components as well as neces- 
sary reference and power sup- 
plies in a near-typewriter-size 
cabinet. 

Standard TR-10 ‘computers 
sell for under $4,000. Typical 
component complements include 
10 attenuators, six summing 
amplifiers, four integrating am- 
plifiers and required miscellan- 
eous accessories. 

Standard models may be mod- 
ified to expanded models that 
have 20 attenuators, 10 sum- 
ming amplifiers, 10 integrating 
amplifiers, two multipliers, one 
variable diode function gen- 


For More Information .. . 


about any item in this 
department, circle its 
code number on the 


Reader Service 
postcard (p. 251) 


erator and a squaring diode 
function generator. 

In problems where a constant 
value is the solution desired, 
the nullmeter on the control 
panel provides an acceptable 
answer. A precision potentiom- 
eter gives readings to 3-place 
accuracy. In problems where 
dynamics are involved, other 
readout equipment is recom- 
mended for satisfactory solu- 
tions. — Electronic Associates, 
Inc., Long Branch, N. J. 100C 


Controller 


Useful with any transducer 
d.c. signal. 


Ruggedly constructed to with- 
stand vibration and shock, a 
new instrument provides accu- 
rate, automatic two-position 
control of industrial operations. 
The controller can be used with 
any transducer generating a d.c. 
signal, such as thermocouples, 
tachometer generators, load 
cells, ete. 

Corrective action occurs al- 
most simultaneously with detec- 
tion of any input-signal devia- 
tion. Controller sensitivity is 
1 microvolt; calibration accu- 
racy is +0.25% of full-scale 
span, or 5 microvolts. Ranges 
are available from 1 to 100 mi- 
crovolts. Required panel space 
is 56 sq. in—Thermo Electric 
Co., Saddle Brook, N. J. 100D 


Floor Patch 


Resists harsh chemicals in- 
doors or outdoors. 


P-D-Q Floor, a quick-drying 
patching compound, combines 
the properties of an epoxy resin 
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There’s one 


sure way to get 


intimate mixing 


of dry and semi-dry 


material on a 


continuous basis 


EXCLUSIVE 
TURBULIZER 
FEATURES 


© Heavy steel shell with machined interior. 

© Paddles revolveat high speed with 1/16” 
clearance fo shell, creating a turbulent ac- 
tion that makes Turbulizer self-cleaning. 

© Choice of lip type, air purge or stuffing 
box seals. All are of split construction 
for quick disassembly. (Lip type seal 
shown.) 

© Hinged door is machined as an integral 
part of the shell giving a perfectly smooth 
interior surface. 

®@ May be equipped with jacket up to 150 
PSI for heat transfer medium. 

@ Hollow rotor shaft for heat transfer 
medium gives added temperature control. 


@ Inlet nozzles available for adding liquids. 


@ Quick acting heavy lug type catches— 
no nuts or bolts to remove. 


© Tangential inlet and discharge prevent 
material hang-up. 


@ Heavy duty outboard bearings. 


© Rotating joints for easy connection to 
heat transfer medium source. 


The Turbulizer solves many dispersion problems in the 
chemical and food industries. Adjustable-pitch paddles, 
revolving at high speed, result in the combined action of 
turbulence, shear and impact providing intense disper- 
sion. These actions can be varied to obtain desired results 
on a specific material. 

A completely smooth inner surface with 1/16” clear- 
ance paddles, assures thorough mixing, eliminates material 
hang-up, leaves no dead pockets of unmixed material and 
provides a self-cleaning operation. 

In addition to the numerous features shown here, ad- 
vantages of the Turbulizer include better product uni- 
formity, increased production, plus lower labor, installa- 
tion and up-keep costs. 


Write for 
complete 
details... 


Please send information on the Turbulizer 


NAME 


TITLE 
COMPANY. 


Co. 
ADDRESS 


451 TAFT STREET NE ¢ MINNEAPOLIS 13, MINNESOTA 


EQUIPMENT DESIGNED FOR BETTER PROCESSING 
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EQUIPMENT DEVELOPMENTS . . . 


with other corrosion-resistant 
ingredients to provide an ex- 
tremely strong and long-wear- 
ing floor surface. The floor patch 
resists all acids, alkalis and oils, 
and may be used indoors or out- 
doors. 

Application requires no heat 
or preparatory bonding treat- 
ments. P-D-Q Floor bonds se- 
curely to concrete, wood, steel, 
or even glass. Drying time 
varies from 4 hr. to overnight. 
Each package — approximately 
50 lb.—will cover an area of 50 
sq. ft. with a 4-in. thick coating. 
—Maintenance Engineering Co., 
Philadelphia, Pa. 100E 


Manual Control Valves 


Available in wide variety 
of materials. 


Designated Series LM, a new 
line of handwheel-operated con- 
trol valves features single- 
seated valve bodies with extra- 
thick walls cast to 600-lb. ASA 
rating. Available materials of 
construction include ductile 
iron, steel, bronze, etc. 

Pipe shutoff is guaranteed 
through the use of special seat 
materials such as Teflon resin. 
The combination of a vernier 
position indicator, long stroke 
and an oversized handwheel en- 
ables close flow control. Size 
range covers } through 6 in. 
with separable or _ integral 
flanges.—Conoflow Corp., Phila- 
delphia, Pa. 102A 
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Mixer Plow 


Low-cost units prolong re- 
placement time. 


Carbide-faced plows for re- 
placement service on Simpson 
Mix-Mullers are designed to give 
up to 18 times longer wear at 
costs which, the manufacturer 
says, do not exceed four times 
that of conventional plows. 
Called Longlife, the new plows 
are clad with tungsten carbide 
blocks at plow tip and other 
high-wear surfaces. 

Two varieties are offered: 
Series A is designed for in- 
creased wear in medium abra- 
sive service; Longlife X_ is 
available for maximum life in 
highly abrasive service. — Na- 
tional Engineering Co., Chicago, 
Ill. 102B 


Dust Sampler 


Unit useful for dust-control 
surveys. 


Measurement of dust par- 
ticles discharged from dust- 
control equipment, and determi- 
nation of equipment operating 
efficiency are the functions of 
the new Iso-Kinetic dust sam- 
pler. This equipment was used 
by the manufacturer for many 
years in conducting field tests 
on plant dust-control systems; 
it is now available to companies 
wishing to conduct their own 
dust-control measurements. 

Each sampler consists of a 
rotameter, air-line filter, pump, 
filter thimbles, etc.—The Day 
Co., Minneapolis, Minn. 102C 


Clamp Fasteners 


Five line components pro- 
vide all relationships. 


It takes only minutes to con- 
struct structural framework for 
support of pilot-plant or lab- 
oratory equipment with new 
Versa-Loc clamp fasteners, ac- 
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cording to the manufacturer. 
Mounting clamps are available 
in 4 varieties: for 4-in. rod, 4-in. 
or 4-in. pipe, and for 3-in. BX 
cable. The fifth component of 
the line is a mounting angle 
that is provided with tapped 
holes on two sides for support 
of miniature switches. 

All five units are equipped 
with locking teeth that engage 
when a screw is tightened. Any 
unit will match any other to 
give perpendicular and parallel 
relationships, or angular posi- 
tioning in 10-deg. increments.— 
The Versa-Loc Corp., Chatham, 
102D 


Explosion-Proof Mill 


Can retain explosion result- 
ing in 100 psi. 


To meet the needs of plants 
operating with pressure systems 
or those processing explosive 
materials, a new impact mill 
with extra-heavy walls and 
other explosion-proof construc- 
tion features has been developed. 
A special model of the Entoleter 
Series 27 CentriMil, the mill is 
designed to meet ASME Code 
1956 for unfired pressure vessels. 

Capable of retaining an ex- 
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MODERNIZING? 
PLANNING A DRYING SYSTEM? 


ALL GOST FACTORS... cost 


INSTALLATION 
MAINTENANCE 
OPERATING COST 
DELAYED PRODUCTION 
WASTE 
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For minimum overall cost, invest in a guaranteed 
performance PROCTOR Drying System. In addition, 
you get greater productivity, more uniform product, 
lower labor costs, and longer, more trouble free dryer life. 


PROCTOR Drying Systems have proven their efficiency 
processing chemicals, foods, pharmaceuticals, tobacco, syn- 
thetic rubber, textile fibers, veneers, leather, ceramics, glue, 
gelatin and many other products and on a world-wide basis. 


Call your Proctor & Schwartz representative and let him give you 
the facts, whether your problem involves continuous conveyor, 
spray, truck, tray or laboratory dryers— Proctor makes them all. 
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INSULATION 


AT ROHM & HAAS CO.— 
10 year maintenance-free service record 


backs choice of FOAMGLAS? insulation here 


Ten years ago, Rohm & Haas Company 
picked FOAMGLAS to insulate all pip- 
ing and equipment in a huge new indus- 
«trial chemicals plant the company built 
in Deer Park, Texas. Since that time, 
they’ve had virtually no insulation main- 
tenance—and the insulation serves as 
effectively today as when it was installed. 
That service record led R & H to pick 
FOAMGLAS to insulate all piping and 
equipment for the Deer Park plant’s new 
low temperature processing unit (pic- 
tured below). 
What makes FOAMGLAS such an 
effective industrial insulation? This un- 
matched combination of benefits: 


FOAMGLAS seals out all moisture to 
insure insulating efficiency that cannot 
vary. It is acid-proof. It can’t burn. It’s 
quick and easy to install and needs little 
or no maintenance. 

Next time you face the problem of in- 
sulating piping or equipment, let Rohm 
& Haas’ experience be your guide. Pick 
FOAMGLAS. Complete information on 
this unique cellular glass insulation is 
contained in our new industrial insulation 
brochure. To get your free copy, write 
Pittsburgh Corning Corporation, Dept. 
H-69, One Gateway Center, Pittsburgh 
22, Pennsylvania. In Canada: 3333 
Cavendish Blvd., Montreal, Quebec. 


F OAMGLAS*/ waterproof, vapor-proof, strong, can't burn, 
acid-proof, vermin-proof, dimensionally stable 


Lightweight, easy to cut and 
shape, FOAMGLAS saved installa- 
tion time and money for Rohm & 
Haas. Installation by the Aber 
Company. 


ys 


Proof against moisture, fire and acids, FOAMGLAS eliminates insulation maintenance on this R&H process unit. 
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INGERSOLL-RAND CHARGE PUMPS 


one of a complete line of I-R 
_ pumps for refinery service 
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... featuring proved 
“Unit-Type” Rotor Assembly 


The new Ingersoll-Rand CMR pump is specifically 
designed for high-pressure process service, where oper- 
ation without a spare requires top performance and 
exceptional dependability. It is a horizontal, multi- 
stage unit with vertically-split barrel-type casing, suit-) 
able for a wide range of low-capacity, high head applica- 
tions in refineries or other process plants, 


e High-Strength Casing |... The main barrel is made 


from centrifugally-cast steel with forged steel ASA 
flanges welded at both ends. The nozzle head and dis- 
charge head are one-piece carbon steel castings which 
bolt to the casing flanges. The main casing joints are 
sealed with confined flexitallic gaskets. The pump can 
be dismantled without disturbing the piping connec- 
tions. 


e “Unit-Type” Rotor Assembly consists of separate 


channel ring segments, impellers and shaft. It can be 
easily removed from the pump as a unit to facilitate 
maintenance. 


¢ Impellers and Wearing Rings -;.. The single-suc- 


tion, closed type impellers are cast in one piece and 
mechanically balanced to assure smooth, vibration-free 
operation. Casing rings, pressed into the channel rings, 
and locked against rotation, are easily renewed to main- 
tain close running clearances. 


COMPRESSORS GAS & DIESEL ENGINES 


FEATURES: 


AIR & ELECTRIC TOOLS = 


Available in 1% and 2% inch discharge sizes, the 
CMR pump will efficiently handle capacities up to 400 
gpm, pressures to 1500 psi and temperatures to 750°F. 


Some of the outstanding features are noted below. 
For complete information, contact your Ingersoll-Rand 
representative, 


e Hydraulic Balance |. . Multiple-volute diffusor con- 


struction completely eliminates radial thrust. A balanc- 
ing drum effectively counteracts axial thrust due to 
pressure differentials across each stage. Residual thrust 
is taken up by the thrust bearing. 


Bearings .: . Spherically seated, self-aligning Kings- 
bury thrust bearing and sleeve-type radial bearings are 
pressure lubricated by a gear oil pump driven from the 
outboard end of the shaft. An oil reservoir and shell and 
tube-type cooler are mounted on the pump base. 


Ingersoll -Rand 


10-795 11 Broadway, New York 4, N. Y. 


TURBO BLOWERS + 


Offer Longer Life on High-Pressure Process Service - 
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GREATER EFFICIENCY 


for Industrial Heating at 
ELEVATED TEMPERATURES... 


HEATER 


by Western Precipitation 
Backed by the application 
“know-how” and process equipment 
experience of Western Precipitation, 
the Hi-Turbiant Heater system fills a 
growing need in modern chemical 
processing operations—a means of 
heating high-temperature heat-trans- 
fer fluids such as Dowtherm, Aroclor, 
hydrocarbon oils and similar heat- 
sensitive fluids. It is also ideal for 
other applications — steam super- 
heating, Rich-Oil denuding, asphalt 
heating and processes where fluids 


must be heated under close thermal 
control. 


Pictured above is a 3.0 MM BTU/Hr. Aroclor Heater for use in an engineered high 
temperature heating system fabricated for a leading Chemical producer. The entire 
system was engineered in consultation at the purchaser's plant by the same Staff 
Engineer who will continue to provide prompt on-the-spot technical service. 
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Hi-Turbiant Heaters are unique in that ALL FLUIDS WITHIN THE SETTING ARE 


SUBJECT TO PROMOTED TURBULENCE. The process fluid is maintained at high Reyn- 
olds Number by specially designed pumps, and the products of combustion are main- 
tained at turbulent velocities by the use of a special re-radiating baffle. 


Relating baffile design to tube spacing and wall clearance permits a substantial 
increase in Heater length to diameter ratio while maintaining optimum average flux 
rate over the entire tube length. 


The re-radiating Metallic Baffle is spray coated with refractory material origi- An 800,000 BTU/Hr. Heating 
nally developed for the high temperature and erosive conditions encountered in System, completely piped and 
rocket engine combustion chambers. wired for your pilot plant stud- 
. = ies, is available on a loan basis. 
For details send for Bulletin No. HT-100. The test Heater is gas fired, 
WESTERN 


PRECIPITATION , 


Engineers and Constructors of Equip 


CORPORATION 
t for Collection of S 


p ed Material from Gases . . . and Equipment for the Process Industries (45rD) 
LOS ANGELES 54 + NEW YORK 17 + CHICAGO 2 « PITTSBURGH 22 + ATLANTA 5 + SAN FRANCISCO 4 
Representatives in all principal cities 
Precipitation Company of Canada Ltd., 8285 Mountain Sights Avenue, Montreal 9 
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MOLDED DESIGN 


rounded interior convolutions, 
extra thickness at stress points 


HIGH TENSILE STRENGTH 


Tefion at its best, Fiuorofiex-T 
provides at least 300% elongation 


METAL REINFORCING RINGS 


NG 


permit greater travel from 
shorter units, prevent distortion 
from surges 


2 MILLION CYCLES AND STILL FLEXING! 


... proving that this Teflon expansion joint—molded of Fluoroflex-T 
—outlasts most other materials and constructions 


bines high density with low crystallinity for 
optimum strength and flexibility. (2) The proc- 
ess: a unique technique for molding uniform 
convolutions with restraining rings. This gives 
undamaged grain structure, rounded interior 
convolutions and increased strength. (3) The 
experience: Resistoflex has been working with 
fluorocarbon resins since their inception. For 
fabricating with Teflon, such experience is vital. 
That’s why Fluoroflex-T is Teflon at its best. 


Chemical manufacturer: Tried Fluoroflex®-T 
joint, found it still flexing after 2 million 
cycles; previously had averaged 100,000 cycles 
from machined Teflon® flex joint in pumping 
application. 


Major industrial product company: Displaced 
one end of a special Fluoroflex-T bellows 34-inch 
from its axis, rotated it around axis at 1,000 
rpm. After 20 million cycles, with still no sign of 
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deterioration, test discontinued. 


Petrochemical processor: Installed Fluorcflex-T 
joints to replace joints machined from Teflon. 
The Fluoroflex-T joints are still in service after 
nearly a year. 

Fluoroflex-T flex and expansion joints perform 
so much better for three reasons: (1) The mate- 
rial: a patented compound of Teflon that com- 


Complete systems 
for corrosive service 


So, for corrosion-proof flex and expansion joints 
that give unsurpassed working life, specify 
Fluoroflex-T. Write for Bulletin B-1A. Dept. 268, 
RESISTOFLEX CORPORATION, Roseland, N. J. Other 
Plants: Burbank, Calif.; Dallas, Tex. 


®Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
®Teflon is DuPont’s trademark for TFE fluorocarbon resins. 


RESISTOFLEX 
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Two reasons: (1) STANoIL is a superior oil. (2) 
Along with Sranom, Hunter Packing receives 
experienced lubrication technical service. 


Why Hunter A special antioxidant in STaNnom gives the oil 
resistance to chemical change. Deposits are min- 

2 imized. The oil has a high viscosity index, is 
Packin Com an resistant to temperature change. It lubricates 
| [) y effectively at both high and low temperatures. 

Due to special refining techniques, STANoIL will 

uses not readily emulsify. A special additive minimizes 


foaming. Stanort has a low pour point. It flows 
freely at low temperatures. A rust inhibitor in 


Strano “plates out” on metal surfaces. 
[ W. P. “Sandy” Wehking, the Standard Oil man 
who calls on Hunter Packing Company, has 


s » plenty of experience in technical service work. 
Industr | al Oil He’s been at it for 17 years. Sandy studied chem- 
istry at Blackburn College. He has also completed 

' the Standard Oil Sales Engineering School. 


To get more information about Stanort Indus- 
trial Oil and to obtain technical help on your 
lubrication problems, call the Standard Oil office 
near you in any of the 15 Midwest or Rocky 
Mountain states. Or write, Standard Oil Com- 
pany (Indiana), 910 South Michigan Avenue, 


Quiche facts about Chicago 80, Illinois. 


STANOIL Industrial Oi! 


e Antioxidant gives oil resistance 
to chemical change, minimizes 


deposits. 
elnhibitor “plates out" on metal 
surfaces, prevents corrosion. You expect more from STANDARD } and you get it! 


@ Receives special refining to elim- 
inate emulsion problems. Con- 
tains additive to minimize foaming. 


e High viscosity index. Resists tem- 
perature change. 


Temperature check. Frank Persson of Hunter 
Packing Company and Standard Oil lubrication } 
specialist W, P. “Sandy” |Wehking inspect one 
of four compressors in Hunter plant 
that uses Stanoi Indistrial Oil. 
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FISCHER &PORTER.CO. ~ 


... A Partnership in Quality 
MAKES POSSIBLE A NEW FLEXIBILITY 
IN FLOWMETERING 


Fischer & Porter, noted for their quality metering devices, 


manufacture Magnetic Flowmeters used by all industries where YOU GET ALL THIS IN PHOENIX FLANGES: 


accurate flow measurement is required. Accuracy can be held Forged Steel. Shot Blasted. 
to plus or minus 1% even under the most difficult operating ¢ Specifications —Carbon Steel 
an oy. 


conditions. At their plant in Hatboro, Penna. their design, _ @ Spot-faced Bolting Surfaces, Extra Fine 
Facings, Accurate Threading and 


engineering, production and purchasing departments all Protective Coating 
: @ Serrated Gasket Surface Finish Is Standard 
demand quality and service. That’s why Phoenix pipe flanges On ALL Flanges With Raised Facings 


@ Precisely Machined Welding Bevel 
@ Special Facings, Bores, Drilling, Threading 
Specify Phoenix too. You can’t buy a better flange. and Special Machining 


have been specified and relied upon for years. 


Leading Manufacturers of Pipe and Tank Flanges and Commercial Forgings 


FLANGE AND FORGING DIVISION 
PHOENIX MANUFACTURING COMPANY 


DIVISION—UNION TANK CAR COMPANY 
CATASAUQUA, PA. + JOLIET, ILL. - FOUNDED 1882 


@: y 7e\ PHOENIX DIVISIONS: FLANGE AND FORGING DIVISION, STEEL MILE 
DIVISION, HORSESHOE PRODUCTS DIVISION, FABRICATING REBAR DIVISION 
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Corrosion 
Resistant 


Underwriters 
Laboratories 
Ex 
Explosion-Proof 
Label 
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This motor battles corrosion 


Louis Allis explosion-proof chemical motors are ideal for chemical, 
petrochemical, plastics, and paint installations. 


It takes a motor designed for the chemical industry 
to withstand the abuse of this corrosive service. The 
2 hp totally-enclosed fan-cooled explosion-proof 
motor shown above on a mixer drive is typical. 


Few applications are subjected to such extreme en- 
vironmental conditions. To meet them, Louis Allis 
chemical motors are built with cast-iron housings 
to provide exceptional corrosion resistance to etch- 
ing vapors and corrosive gases. Motor shrouds are 
stainless steel, fans are bronze. Even the nameplate 
is made of stainless steel to preserve important 


motor information like bearing sizes and the wiring 
diagram for simplified servicing. 


Louis Allis insulation is designed to withstand ex- 
posure to acids, alkali, or moisture to assure you of 
dependable service. Locked bearing construction 
prevents rotor drift . . . extends bearing life. 


We'll gladly offer expert field application service. 
Contact your Louis Allis District Office or write 
The Louis Allis Company, 447 East Stewart Street, 
Milwaukee 1, Wisconsin. Ask for Bulletin 1050. 


LOUIS ALLIS 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED ORIVES 


June 15, 1959—CuemicaL ENGINEERING 


ore 
| 
3 
4 
| 
110 


Setting new standards= 


high-sensitivity lonization Detection 


Systems for gas chromatography 


Both the Model 10 and Model 20, now in production at 
Barber-Colman’s Wheelco Instruments Division, offer 
sensitivities thousands of times greater than conventional 
gas chromatography units. They come completely 
packaged, ready for immediate operation. 


You can be sure of always getting outstanding per- 
formance because of Wheelco’s extensive experience with 
ionization detectors and the backing of a sales and 
service organization with branches in all principal cities. 
Below are some advantages of specifying Wheelco: 


4 MODEL 10 provides single or 
dual operation, offers elec- 
tronic integrator and auto- 
matic readout as optional 
equipment. 


MODEL 20 is a compact, 
portable unit using capillary 
columns developed for both 
laboratory and industrial use. 
Integrator can be provided. 


1. Column temperatures are precisely maintained 4. Modular, unitized construction makes principal 
to + .2° C over a range of 25° C to 300° C with- components readily accessible, facilitates modifi- 
out relays. Individual temperature control is cations and adaptations. 
provided for sample injection, column, and cell. 

2. Dual-sensitivity controls are provided by 7 ranges 


5. Outstanding performance is assured because: 


of electrometer sensitivity plus continuously (a) size of sample can be reduced for maximum 
variable 0-2000 volt d-c power supply. efficiency with conventional columns. 

3. Flexibility and versatility for a broad range of (b) on capillary columns the advance design 
applications are assured because you can select detector approaches sensitivities of 10 
from glass columns up to 10 ft long, \4-in. metal 
columns up to 20 ft long, or capillary columns of over 200,000 thearetical plates. 
up to 250 ft long for use with the Model 10. 

Either capillary columns up to 2000 ft long or (c) specialized detector arrangement makes it 
¥,-in. metal columns up to 100 ft long are possible to identify classes of compounds 
handled on the Model 20. whether in a mixture or by themselves. 


BARBER-COLMAN COMPANY 


Dept. R, 1585 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. L, Toronto, Canada 
Industrial Instruments Automatic Controls Air Distribution Products Aircraft Controls Electrical Components 
Small Motors * Overdoors and Operators * Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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flexibility in a cone... 


Stokes Conical Rotating Vacuum Dryers offer 
unparalleled operational and application flexi- 
bility. Proved “in service’? design of Stokes 
vacuum dryers meets requirements of a wide 
range of products. There is no guesswork in 
-alculating the vaporizing capacity you need 
or the production rate for a given material. 
Stokes Dryers are engineered and manufac- 
tured specifically for vacuum service... and 
Stokes has been active in the field of vacuum 
applications for over 40 years. 


Available in six standard sizes, Stokes Conical 
Vacuum Dryers have a working capacity rang- 
ing from 3 to 150 cubic feet. Special units are 
built to meet unusual requirements. Every 
Stokes vacuum dryer features .. . 


Processing Equipment Division 
F. J. STOKES CORPORATION 


5500 Tabor Road, Philadelphia 20, Pa. 


self-wiping vacuum tight valve, worm-gear actu- 
ated, for easy and rapid discharge 

full-opening hinged cover, equipped with a quick 
opening clamp, assures fast loading and minimizes 
time between batches 

maximum dust protection, filter capped to inlet, 
minimizes need for external collector 


compact drive assembly—gear reduction, chain 
and sprocket drive assembly plus oil tight chain casing 
double walled construction—ideal for steam or 
hot water heating 


Stokes vast experience in vacuum drying tech- 
niques can be put to work for you. Why not 
write or call Stokes for details . . . today. 


STOKES 
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Profitable Brands Start With Cherry-Burrell 


setting, refrigerated storing and air un- 
loading, al! with efficient flexibility. 


Lady Esther Cosmetic Cream must be 
as smooth and even as the ladies’ skin 
it cares for. Profitable repeat sales of 
this popular beauty aid depend on re- 
liable, consistent texture. 


Cherry-Burrell Superhomo Homogen- 
izers keep Lady Esther Cream smooth 
and creamy. C-B’s high speed shearing 
action cuts fat globules down to equal 
size. Steady pumping pressure disperses 
them thoroughly through the cream. 
Eliminates any chance of oil separation, 
any return to the prehomogenized 


state. Lady Esther never disappoints its 
millions of lovely customers. 


In-plant profit, too. Cherry-Burrell helps 
produce the product profitably. Super- 
homo valve caps absorb 98% of valve 
wear. Saves on plug and seat regrinding. 
And Stellite valve seating surfaces reduce 
maintenance as much as 80%. 


Another profitable producer is Cherry- 
Burrell’s Round Processor. It can be 
used for heating, pasteurizing, cooking, 
mixing, blending, cooling, holding, 


A Cherry-Burrell Sales Engineer will be 
glad to show you how Cherry-Burrell 
equipment can profit you. There’s no 
obligation. Call or write him today. 


CHERRY-BURRELL 


CORPORATION 


CEDAR RAPIDS, IOWA 


Chemical « Dairy * Food * Farm « Beverage 
Brewing « Equipment ond Supplies 
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you'll have no “fogged-in” temperature 
readings with RMC thermometers 


When you walk past an RMC thermometer you can always read the dial clearly 
—indoors or out, winter or summer. There will never be any interior fogging 
to obscure the dial. 


That fact also assures you—if you are concerned with low temperature 
readings—that you don’t have to worry about “‘bi-metal freeze-up”— 
a problem which can be considerably more serious than the obscured dial. 


Both problems are caused by internal moisture which in one case 
condenses on the dial, and in the other case freezes on the bi-metallic 
temperature re-acting element to “freeze” temperature readings 

at the lowest level. 


RMC thermometers just don’t have these problems because they are 
assembled and hermetically sealed under controlled, low humidity 
conditions. Each instrument is tested by immersing in water for 
fifteen minutes to be sure that no moisture will ever get in. 


This is the kind of extra precaution our engineers like to take here because 
we are proud of the continued “in-service” accuracy of RMC thermometers. 


We know that each one of our thermometers is accurate to within 14 to 1% 
when it leaves here—and we also know that it’s going to stay that way 
regardless of the humidity conditions or temperature conditions to which 
it will be subjected. 


Unvarying accuracy and dependability are the features of RMC 
Model 1740, shown 


instruments—and we've found, in our years of making thermometers, te the 
liquid level, and pressure gauges, that real accuracy is the result of ccs Gamemneaaier 


unwavering attention to detail. As with all other 
models, the RMC 


If you have any problem involving indicating instruments of this type, process makes 
give us a phone call—or wire or write. If we don’t carry such an instrument aos aaline ee 


in stock, our engineers will be glad to work with you in the i oe its 


development of one to fit your exact needs. () readability. 


ROCHESTER MANUFACTURING CO., INC. 
113. ROCKWOOD STREET + ROCHESTER 10, N.Y. 


LIQUID LEVEL, TEMPERATURE AND PRESSURE INSTRUMENTS 


Representatives in all Principal Cities 
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...world’s largest stainless steel plates 


ready for processing at Carison 


OMETIMES Carlson service is a cooperative venture 
that gets practically impossible jobs done. The proc- 
essing and finishing of these, the world’s largest stain- 
less steel plates, is an example of such teamwork. 
As this was a “‘first time”’ job, the most careful plan- 
ning and coordination had to be exercised. Oversize 
ingot molds and a 70-ton capacity furnace had to be 
used. It took the ccuntry’s largest plate mill to roll the 
ingots to slabs, the slabs to plates. The finished plates, 
cut-to-shape by Carlson specialists, met every cus- 
tomer requirement. 

These huge plates, of Type 304 stainless steel, were 
made to Specification A-240 Grade S (ASTM A240-T). 
Each plate weighed over 49,000 pounds; one measured 
461” x x 2”; the other 451”’ x x 2’’”. Destined 


PLATES * PLATE PRODUCTS + HEADS © RINGS © CIRCLES » FLANGES * FORGINGS + BARS and SHEETS (No. 1 Finish) 


for a nuclear application, these plates were flame-cut 
and abrasive-cut to make two half-circles. The entire 
order totaled nearly 100,000 pounds. 

Cooperation made this ‘‘colossus”’ a success— coopera- 
tion under the knowing eyes of Carlson specialists. This 
same team is ready to work on your order. We invite 
you to write, wire or phone for further information. 


Zc. 


Staineus Stee Excbusively 


134 Marshalton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities coi 3 
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is easier witha LYUNGSTROM® AIR PREHEATER 


—and finer control means a more 
uniform, more profitable product 


Income is up $58,000 a year at one 
East Coast refinery because Ljung- 
strom Air Preheater permits finer 
control and advanced design units. 
This boosts average product ratings 
as much as two octane numbers. 
The most modern heat transfer sys- 
tem can be operated at peak efficiency 
with a Ljungstrom gas-to-gas regen- 


erator. A Ljungstrom can recover as 
much as 1000°F heat from the exhaust 
of stills or boilers. Instead of letting 
this heat escape up the stack, the 
Ljungstrom returns it to the furnace 
combustion air. 

Hotter combustion air can boost the 
output of a pipe still, too—by as much 
as 25%. Or, it can cut your fuel bill 


THE AIR PREHEATER 


CORPORATION 


60 East 42nd Street, New York 17,N.Y. 


by an equal amount—or permit you to 
use cheaper fuels that were previously 
considered useless. And whatever fuel 
you use, there’s less slag, fewer 
deposits, because a Ljungstrom Air 
Preheater helps burn fuel more com- 
pletely. Some plants have “written off” 
the cost of their Ljungstroms in only 
nine months. 

Here’s documented evidence. One company’s fuel 
savings with a Ljungstrom Air Pre- 
heater are factually described in a 
published magazine article by O. F. 
Campbell. A reprint of this case his- 
tory is yours free. Simply write: 


| . FINE PRODUCT CONTROL 
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Up goes the Mono-Block 
Down go the Costs... Bea 
NATION’S 
LARGEST MUNICIPAL 
STEAM PLANT 


A picture can’t show you all the ad- 
vantages of B-H Mono-Block. A flick 
of the wrist and you've cut just the hole 
needed for tie wires. A quick slanted 
slice and you've mitered for a curved 
surface; reverse the block and the job 
is done. Then there’s inventory! For all 
jobs up to 1800° F, this one block will 
serve. Stock the 2” material; for the 
upper range you can use two layers. 
With a “K” of .35 at 200° F, correct 
operating temperatures are assured with 
maximum fuel savings. 


The bigger the job the more you 
save in application. If you have a job, 


large or small, get the efficiency and 
economy provided by Mono-Block. Re- 
quest contract application service (avail- 
able in 48 states) and watch the costs 
go down. 


Insulation Contractor: 
M. H. Ellis Company, 
Memphis, Tenn. 


as 
NO-DLOC™ 


For more information on 
B-H Mono-Block and 
other B-H_ Insulations, 
write for catalog or see 
it in Sweet's Plant En- 
gineering File. 


SERVICE 204 Breunig Ave., Trenton 2, N. J. 
1 ae AVAILABLE Kalamazoo, Mich. . . Huntington, Ind. . . Temple, Tex. 
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Two Electrolytic Processes Team Up 


Diamond Alkali adds giant mercury cells 
to diaphragm-cell chlorine caustic-soda plant. 


EADING the industry trend toward larger 
electrolytic cells, Diamond Alkali Co., re- 
cently added to its Deer Park, Tex. plant 52 
18SGL De Nora mercury cells, each rated at 
120,000 amp. and with a capacity of 4 tons/day 
of chlorine. These giant mercury cells, largest 
in the industry, link to the existing diaphragm- 
cell plant, equipped with Diamond’s own 30,000- 
amp. cells (Chem. Eng., July 1957, pp. 160-2). 
When Diamond installed the mercury cells, it 
integrated the two electrolytic processes. Di- 
aphragm cells supply high-purity salt, dropped 
out during cell liquor evaporation, to the mer- 
cury cells. 

Thus the need for costly rock salt feed ma- 
terial or evaporation purification of brine feed 
is eliminated. And the mercury cells produce 
concentrated, salt-free, rayon-grade caustic 
soda directly without product purification steps. 
Too, using the giant mercury ceils, Diamond 
maintains and operates fewer cells on less floor 
space. 


> Process Flow—Feed brine from wells flows 
through pipelines to a storage reservoir. As 
the process demands, brine flows through a heat 
exchanger for cooling, thence to a brine treater 
where calcium, magnesium and iron are re- 
moved. The brine is saturated before feeding 
to the diaphragm cells. 

Diaphragm cells electrolyze the brine to 
chlorine and hydrogen gases and a 10.5% solu- 
tion of caustic soda containing unelectrolyzed 
salt in solution. Multiple-effect evaporator con- 
centrates diaphragm cell liquor to 50% caustic 
soda solution. Salt crystals formed during 
evaporation are separated, centrifuged, washed, 
then slurried in treated brine. Salt separator 
overflow is 50% caustic soda product. 

Mother liquor from second separator recycles 
to feed; thickened salt flows to a tank where 
it reslurries with water. Resulting magma 
flows to a second saturator. 

In saturator, salt mixes with depleted brine 
from mercury cells. Saturated brine flows 


Unfold Flowsheet 
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Diaphragm cells 


Recycle 
Brine Chlorine 
from brine well from head tank Hydrogen MULI 
BRINE TREATER 


Recycle salt 


30,000 amp. 


3.82 v. SALT 


Current 
A FIRST SATURATOR efficiency 96.5% SEPARATOR 


RESERVOIR enwes density 0.835 amp./sq. in. 
Temperature 196 F. 
121 sq. ft./ton Cl2 


Filtered 
brine 


Mother liquor to feed 


through filters, then coolers and finally to a 
head tank. 

A uniform flow of saturated salt solution 
from the head tank feeds the mercury cells. 
Some of the head tank overflow recycles to the 
first saturator, purging impurities from the 
mercury-cell circuit. 
> Mercury Cell Operation—In the cells, continu- 
ously flowing mercury cathode forms an amal- 
gam with electrolytically released sodium; 
chlorine gas forms at the graphite anodes. 

Sodium-mercury amalgam flows as it forms 
to decomposer units, adjacent to the cells. Here, 
water reacts with contained sodium releasing 
hydrogen gas and forming 50‘ caustic soda 
solution free, of chloride. Polishing filters re- 
move suspended solids from caustic soda. 

Wet chlorine gas flows through a cooler 
column where refrigerated water prechills the 
gas and condenses some water vapor. Then 
three stages of direct contacting with sulfuric 
acid dry the gas. From the drying columns, 
chlorine flows into coolers where liquid chlorine Tee 
chills the gas to -32 F. After centrifugal com- THICKENERS, shown to the left, separ: 
pression of the gas, it is liquefied. the right are brine coolers and saturat: 


is 
x 
Current 
rating 
Av. cell 
Brir 


Chlorine 
>. 
MULTIPLE-EFFECT 
EVAPORATOR 
Weak 
= wash h 
liquor HEAD TANK 
LL. 
) 
SECOND 
50% caustic soda SATURATOR — @ 
CENTRIFUGE 
A 
SEPARATOR 
L A 
| | Caustic Sp.g. control 
i TANK y 
B 
SEPARATOR HOLDING 
depleted 
brine 
FILTERS stream ~< 
— to first saturator 
SLURRY 
TANKS Caustic soda to shipping 


ft, separate salt feed for mercury cells from mother liquor. 


saturators in the mercury-cell circuit. 


CAUSTIC SODA FILTERS remove traces of soli 
produced in decomposer units linked to mercury cel 


Mercury cells 
Liqui 
Cl Cold H20 H2S04 quid 
chlorine 
saith CAUSTIC COOLER DRYER 
2 STORAGE 
<— Liquid Cl2 
Recycle Hg 
) 
Current Clo 
rating 120,000 amp. 
Av. cell 
voltage 4.4 HOLDING 
Current 
j efficency 94-6% = CHILLER 
\ Current 


Floor space 175 sq. ft./ton Cl2 to 
Caustic soda 


from mercury cells 


CAUSTIC | > 
FILTER 


Caustic soda 
from diaphragm cells 


solids from salt-free, rayon-grade caustic soda, COOLERS, in the foreground, precool wet chlorine product from mercury 
cells, feed cooled chlorine to sulfuric-acid contact dryers in background. 


y cells. 
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BaW JOB-MATCHED WEL 


DING FITTINGS 


TA 9023 WFI 
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Dimensional accuracy is the key to econom- 
ical pre-fabrication and installation of process 
piping . . . and you get truc accuracy with 
B&W Job-Matched Welding Fittings. This 
means: 


9 during fabrication sections can be pre-cut 
and you know they will fit 

@ welding time is reduced because there are 
fewer fit-up problems, eliminating time 
consuming and costly fill-in welding 


make piping pre-fabrication more economical 


@ fabricated sections can be installed with- 
out delays because each fitting is well 
within tolerance. 


Ask for B&W Job-Maiched Welding Fittings 
through local B&W District Sales Office or 
any qualified welding fittings distributor, or 
write for B&W Bulletin FB-504, The Bab- 
cock & Wilcox Company, Tubular Products 
Division, Fittings Department, 3839 West 
Burnham Street, Milwaukee 46, Wisconsin. 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION, FITTINGS DEPARTMENT 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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overrange seals 
measuring 
diaphragm 


ow pressure & 


Not long ago, F & P engineers set about building a 
better differential pressure transmitter. Their main 
purpose: to obtain dp transmitting of the highest ac- 
curacy and dependability by providing adjustable in- 
ternal damping, maintenance-free operation, and supe- 
rior calibration stability. Their design approach: keep 
the process fluid out of the measuring system. 

An examination of the illustration above reveals how 
the input pressures, applied to the sealing diaphragms, 
are transmitted to the measuring diaphragm by silicone 
sealing oil. Adjustable internal damping is achieved by 
a needle valve which restricts the flow of sealing oil. 
This ensures fast response to full changes in differential 


external zero adjustment 


output pressure | 
air supply 


sealing 
diaphragms 


damping 
adjustment 


high pressure 


pressure, yet isolates the force balance system from 
extraneous impulses. Pulsating flows present no prob- 
lems for this transmitter. And since the needle valve is 
in the clean sealing oil, its operation is trouble free, 
regardless of the amount of damping required. 

The unique and revolutionary design of this new dp 
transmitter makes it well worth investigating. Con- 
tact the F & P field engineer nearest you for a demon- 
stration or evaluation unit, or write for Catalog 
10B1465. Fischer & Porter Company, 169 County 
Line Read, Hatboro, Pennsylvania. In Canada, write 
Fischer & Porter (Canada) Ltd., 2700 Jane Street, 
Toronto, Ontario. 


G3 FISCHER & PORTER COMPANY © complete process instrumentation 
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EXPANDED TITANIUM SHEET 


“opens up” new savings in corrosive plating applications 


trodes. The new material is available in gauges 
from .015” to .125”, from 14” to 114” diamonds, and 


step forward. Expanded titanium in standard 48” x 96” sheets. @ > 
sheet, recently introduced by _ Dip baskets Expanded titanium sheet 3 
Mallory-Sharon, offers interesting possibilities is now available in produc- 
for use in the plating and chemical tion quantities. Prices vary 

processing industries. with gauge and strand widths. For further 

Its high corrosion resistance makes _ information, write for Technical Data Sheet. 


it ideal for use in acid plating, 


Filters acid dipping baskets, and in pro- MALLORY Ms) SHAR ON 


tection shields for immersion heating elec- 


Now, cost-saving applications for 
titanium take another important 


Protective shields 


MALLORY-SHARON METALS CORPORATION + NILES, OHIO 
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From the Engineer’s Notebook 


Watch for a new and revolutionary Eco 
valve which utilizes atmospheric pressure 
to activate and dispense exact small 
amounts of highly viscous, heat-sensitive 
fluids—glycerine, biologicals and other 
pharmaceuticals, etc. Handles them at 
room temperature without contamina- 
tion or frictional heat which might cause 
discoloration or affect purity. 


Lever operated, it meters volume dis- 
pensed with accuracy greater than +1 
per cent. Now being secretly tested by 
key plants. Public announcement soon. 


Coffee Break 


Coffee is not a chemical per se, but chem- 
ists drink coffee—and like its sensitive 
flavor, uncontaminated. 


Folger’s Coffee, Houston, Tex. had prob- 
lems in pumping concentrated coffee ex- 
tract. Number 1—prevent contamination 
of product flavor and quality. Number 2 
—overcome pressure differential in pump- 
ing through filter to maintain same filtra- 
tion rate throughout run. Number 3—lift 
extract out of tank without need for 
pump priming. 


Eco ALL-CHEM* stainless steel and 
TEFLONt pumps are answering all re- 
quirements at lowest cost. 


Eco pumps of this same design were origi- 
nally proved for such service at the U. S. 
Dept. of Agriculture, Eastern Research 
Laboratories, Wyndmoor, Pa., which un- 
doubtediy suggested their use to many 
coffee processors throughout the industry. 
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Eco ALL-CHEM Pump with Graham Vari- 
speed Transmission at Folger Coffee. 


ECO ENGINEERING COMPANY 


Paper Mills Pick Eco Pumps for 
Chlorine Dioxide Bleach 


3000 hours without a rest—24 hours a 
day. Tough pumping job, but typical, at 
West Virginia Pulp and Paper Company’s 
Luke, Maryland Plant, where three 
Hastelloy* C GEARCHEM* pumps equipped 
with TEFLON Gears, bearings and packing 
have been in operation pumping chlorine 
dioxide bleach and water at about 120° F 
and 60 psi. 


Equivalent to nearly a year and a half of 
service at the usual 40 hour per week 
level, these pumps have used only two 
repair kits to keep them in continuous 
operation. 


These pumps are used in constant flow 
metering of relatively small quantities (1 
to 5 gal. per min.) to maintain bleach at 
predetermined strength and hence to con- 
trol uniform color of kraft papers. 


An added advantage from their use is 
found in the fact that these pumps elimi- 
nate air entrainment and hence minimize 
corrosion, protecting allied piping and 
equipment. 


Successful operation at Luke has prompt- 
ed a reorder of this same design for the 
company’s other Plants. 


High Strength Phenolic Gears 
Withstand Vapor-Lock Shock-Loads at 
U.S. Rubber’s Naugatuck Chem. Div. 


The Pumping Service: handling butadi- 
ene and styrene monomers with 100 psi 
discharge pressures. 


The Problem: the system created vapor- 
locks and shock-loads which shattered 
pump mechanisms. 


The Solution: Eco Hastelloy CGEARCHEM 
Pumps with Phenolic Gears. These gears, 
which are non-affected by petroleum de- 
rivatives, are operating in a om erature 
range from ambient to 120° F. They are 
maintaining pressures and absorb back 
pressure shocks without suffering me- 
chanically in any way, whatsoever, 


QED: Eco’s mass-produced, standard 
stock pumps may be engineered to the 
requirements of each individual job 
simply by varying the selection of the 
precision-made, interchangeable parts, 
available in the widest variety of metals 
and non-metallics. 


Five More Eco Pumps for Selective 
Ore Preparation 


A leading Chicago metallurgical corpora- 


tion (name withheld by request), has 
been using several Eco GEARCHEM Pumps 
a particularly difficult 
cues er cent Hydrofluoric Acid and Methyl 
utyl Ketone plus Sulphuric Acid—in 
pn extraction refining of rare metal 
concentrates. 


These pumps are pH controlled to main- 
tain desired range of concentrations in 
continuous make-up. 


The pumps — 400 Series, 10 
GEARCHEM design—are constructed of 
Hastelloy C with TEFLON Gears, Bear- 
ings and packings and grease sealed lan- 
tern ring stuffing boxes. Suction lift re- 
quired for the highly fugitive solvent is 9 
feet; for the acid 18 feet. Required dis- 
charge pressure is 50 psi. 


This application has been so successful 
that the customer has reordered five more 
identical Eco pumps for a new installa- 
tion in their Obiahemte plant. 


Editor’s Note: 


This page is YE 1 of a regular publica- 
tion, issued by Eco Engineering Com- 
pany, reporting ‘‘What’s New’”’ in small 
pumps and allied equipment, and their 
successful application in industry. If you 
are not on our mailing list to receive this 
Eco publication, write on your company 
letterhead. We will be glad to ‘“‘welcome 
you aboard.” 


ALL-CHEM Rotary Pumps 
MINILAB Rotary Pumps 
GEARCHEM Gear Pumps 


ECO Products for Handling Corrosive and 
Hazardous Processing Fluids 


CENTRI-CHEM Centrifugal Pumps 
PUMPMOBILE Portable Pumping Units 
CHEMICAL FAUCETS Factory Mutual Approved 


Ask for literature on any or all of these ECO Products 


xECO Trademarks. tdu Pont Trademark. 


*Union Carbide Trademark. 


12 New York Avenue * NEWARK 1, N.J. 
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FORGED STEEL VALVES & FITTINGS FOR 
TOUGHNESS AND TROUBLE-FREE SERVICE 
Forged from carbon and alloy steels, Vogt valves, 
fittings, flanges and unions are built to safely 
handle liquids and gases at high pressures and 
temperatures in the modern petroleum refinery 
and petro-chemical plants, The complete line in- 
cludes flanged, screwed and socket weld end 
globe, gate and check valves—ells, tees and 
crosses — couplings —- bushings—plugs—unions— 
flanges and flange unions—and weld caps. 


PROCESS EQUIPMENT FOR 

EVERY SERVICE 
Vogt constructs process equipment in wide variety 
to all Codes. Stills and towers, oil chillers, crys- 
tallizers, heat exchangers, molding machines, etc., 
serve in the manufacture of oils, greases, 100 
octane gasoline, synthetic rubber, chemicals and 
related products around the world. 


MORE REFRIGERATION TONNAGE 
AT LESS COST 

More than 70 years of engineering and 
manufacturing experience is incorporated in 
Vogt refrigerating and ice making equip- 
ment. Compression Systems and Tube-lce 
Machines in a wide range of capacities 
serve industrial and processing plants and 
institutions here and abroad. 


HIGH EFFICIENCY STEAM GENERATORS 
Vogt steam generators are designed to give maxi- 
mum rating in a minimum of space, with high ef- 
ficiency and low maintenance expense. Bent tube 
and straight tube designs are available for solid, 
liquid or gaseous fuels to meet every power, pro- 
cess or heating requirement. 


HENRY VOGT MACHINE CO., LOUISVILLE, | 


SALES OFFICES: 
New York, Chicago, Cleveland, Dallas, Camden, N. J., 
St. Louis, Charleston, W. Va., Cincinnati 


SPECIAL MATERIALS COMBAT CORROSION 
AND PRODUCT CONTAMINATION 
RS Our modern shops produce a wide variety of equip- 
oe ment from special metals and alloys to fight cor- PRODUCTS FOR REFINERIES, CHEMICAL 
PLANTS, POWER PLANTS AND PROCESS INDUSTRIES 


es Fabrication procedures insure that corrosion resistant 
properties of welds will match that of the materials 
used fo construct the equipment. 


Write for literature, Dept. 24A-GCW 


| 
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TODAY’S PROCESSES FOR 


A 52 PAGE SPECIAL REPORT 


ABOUT THE BOOK 
Or Where this Report Came From 


This report is based on an upcoming book by the 
same authors in McGraw-Hill’s Chemical Engi- 
neering Series titled “Gas Purification.” Since the 
date scheduled for publication is Jan. 1960, we 
thought you would benefit from a preview abstract 
of just some of the various topics covered in this 
extensive volume. 

Starting from some 1,000 manuscript pages, we 
culled this 52-page report. In order to give you a 
complete package, we omitted almost entirely the 
operation and design aspects so extensively cov- 
ered in the book (about 80% of the book) and 
concentrated on the processes available. With this 
process information you’ll be able to evaluate 
alternate routes to solving your gas purification 
problems. 

In this forthcoming book, containing some 275 
illustrations and almost 790 up-to-date references, 
the authors give the data required to apply basic 
principles of equipment design to specific cases 
of gas purification. 

In addition, commercial applications of the vari- 
ous processes are discussed along with their fre- 
quently unpredictable problems of corrosion, 
foaming, catalyst deactivation and the like. Oper- 
ating data as well as design data are presented 
along with background information. 


Chemical Engineering 


JUNE 15, 1959 


ARTHUR L. KOHL 
Principal Research Chemical Engineer 
Fluor Corp., Whittier, Calif. 

FRED C. RIESENFELD 


Principal Research Chemist 
Fluor Corp., Whittier, Calif. 


ODAY, gas purification has come into its own. With 

overwhelming evidence, the industrial picture 
stresses the importance and necessity of purifying and 
upgrading gas streams. 

For years, such evil-smelling ingredients as NH,, 
pyridine, SO, and H.S have been removed from coke- 
oven gases. This is one industry where gas purification 
and recovery of trace impurities has always been an 
integral part of the operation for economic reasons. 

Other industries, coming to the fore, need to look to 
ways and means for purifying and upgrading a slew 
of gases such as ethylene, H., natural gas, refinery 
gases, N, and CO.. 

To start, the volume of gases processed in this coun- 
try has increased tremendously. For example, natural 
gas production in 1958 amounted to 11.5 trillion cu. ft. 
This represents an almost complete swing away from 
manufactured gas (97% of the gas in utility channels 
today is natural) and quite a purification chore. 

Couple this swing away from manufactured gas with 
a growing awareness—and new laws to boot—of air 
pollution. During July 1958, chemical plants in Los 
Angeles County alone spewed forth 45 tons/day of SO, 
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GAS PURIFICATION . 


while petroleum refineries belched 1,200 tons/day of 
CO and 55 tons/day of hydrocarbons. Gone are the 
days when industry could blandly ignore such startling 
figures. This presents quite a removal problem; a prob- 
lem common to all industry. 

You start to get a hint of the magnitude of this job 
of gas purification when you consider just the one area 
of dehydration. Water vapor is the most common im- 
purity in gas streams and as an operation, dehydration 
is almost universal, cutting across the traditional 
boundaries of industry. 

The volume of process air dehydrated, the monster- 
ous cubic footage of natural gas from which water is 
removed, the incalculable amount of air “conditioned” 
—all this just makes up one aspect of the big picture. 


What’s Covered in This Report 


Here in 52 pages is an up-to-date compilation of 
what’s available in the way of processes—a veritable 
who’s who and what’s what of gas purification in hand- 
book form. 

In this report we’ve covered over 60 different ways 
of purifying and upgrading gas streams—more process 
information on this subject than has ever been pub- 
lished before between two covers. Of course, the soon- 
to-be-published 700-page book this report is adapted 
from will be the last word on the subject. 

Our aim is to provide a practical engineering de- 
scription of processes now in wide use. Subject matter 
is limited to removing gas-phase impurities—present 
in relatively minor proportions—from gas streams. 
Removing discrete solid or liquid particles isn’t dis- 
cussed; nor are processes more appropriately classi- 
fied as separation rather than purification. 

Because of limited space, we can’t give complete de- 
tails on all known gas purification processes. By the 
same token, design and operating information remains 
behind in the original book. 

Space is allocated on the basis of importance to in- 


dustry; the greatest stress is on processes common to 
more than one field. For example, the section on eth- 
anolamine processes for removing H.S and CO, is 
rather complete because these processes are extensively 
used for purifying fuel gases—natural, refinery and 
manufactured. In addition, they are an important part 
of many chemical operations—dry ice, NH,, H., etc. 

In the same way, considerable space is devoted to 
SO, removal because this problem is of increasing im- 
portance in air pollution and occurs wherever high- 
sulfur fuels are burned or sulfide ores smelted. 

On the other hand, the iron oxide dry-box process 
for removing H.S is given hardly any attention because 
of the decreased use of manufactured gas in this coun- 
try and the advent of technically and economically more 
attractive processes. (However, the original text con- 
tains a chapter on dry-box processes.) 


Arrangement and Indexing 


We have tried to group material together on the basis 
of operational similarity rather than impurities re- 
moved. This arrangement stresses the common fea- 
tures of the various processes and eliminates the 
necessity of repeating descriptions when they are ap- 
plicable to more than one impurity. However, we also 
arranged the subject matter within this framework so 
that, wherever possible, various methods for eliminat- 
ing individual impurities are discussed together. 

The index prepared for this report should help you 
greatly. Unlike most indexes, this one is divided into 
three separate sections to help you find specific infor- 
mation: Materials removed, recovered or converted; 
materials purified; and processes. 

By properly using this index, you’ll find the infor- 
mation you’re after whether you know you want to 
remove CO., recover pyridine, convert some nitrogen 
oxides, purify cracking gas or just are interested in 
what the Staatsmijnen-Otto process is all about. 

Editors 


Contents and Index 


w 


for Easy Reference 


Use this table of contents and 
index to find the information 
you’re after. Index numbers 
refer to actual section num- 
bers given on the right. 


10. 
11. 


Using Ethanolamines to Remove H.S and CO., p. 129 
Removing H.S and CO, With Aqueous NH,, p. 134 
Alkaline Salts for Absorbing H,S and CO., p. 138 
Water as an Absorbent for Gas Impurities, p. 143 
Sulfur Dioxide Removal by Liquid Absorption. p. 147 
Liquid Oxidation Changes Hydrogen Sulfide to Sulfur, p. 151 
Removal of Basic Nitrogen Compounds, p. 154 
Absorption of Water by Dehydrating Solutions, p. 159 
. Dehydration and Purification by Adsorption, p. 162 
Catalytic Conversion of Gas Impurities, p. 167 

Other Gas Purification Techniques, p. 172 
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This Index Helps You Find Your Way Into the Report 


Materials Removed, Mercaptans 2, 3,9, 10 Inert gas 9,10 Fischer 6 
Recovered or Converted Naphtha 9 Natural gas 1, 6, 8,9, 10 Fractional condensation 11 
Naphthalene 3, 7, 11 Neon 10 Gesellschaft fiir 
Acetylene 10 Nitrogen bases 2,7 Nitrogen 10 Kohlentechnik 6 
Alcohols 9 Nitrogen oxides 2,7, 10 Olefinic gases 10 Giammarco-Vetrocoke 3, 6 
Amines _ 6 Odors 9 Oxygen, liquid & gas 9,10 Gluud 6 
Ammonia _. 2, 4, 6,7 Organic acids 2,7 Phosphate rock 4 Glycol-amine 1 
Ammonium fluoride 4 Organic solvents 9 Process gases 9,10 Glycol dehydration 8 
Ammonium sulfate 7 Petroleum ether 9 Refinery gases 1, 6,7, 10 Holmes-Maxted 10 
Aromatic hydrocarbons 9 Pyridine 7 Synthesis gas 3 Hot potassium 
Benzene 9,11 Pyridine bases carbonate 3 
Carbon dioxide 1, 2, 3, 4  Silicontetrafluoride 4 Processes Indirect Ammonia 
, 9, 11 Sulfur dioxide 4,5, 9  Adsorptive dehydration 9 recovery 7 
Carbon disulfide 5, 9 Tar 3,7 Alkacid 3 Liquid nitrogen wash 11 
10, 11 acids 7 Ammonia-caustic 2 Manchester 6 
Carbon monoxide 11 Thiocyanates 2  Asarco 5 Mine Safety Appliances 
Carbonyl sulfide 1, 2,10 Thiophene 2,10 Auto-purification 6 Co. 10 
Chlorine 4  Toluol 11 Basic alumina 5 Oil absorption il 
hydrocarbons Water 8, 9 5 Oxycat 10 
ryolite > urkheiser 6 Peoples Gas Co. 10 
Cyanogen 7 Materials Purified Carpenter-Evans 10 Hurtanannate process 6 
sters rgon atalytic conversion 10 Potassium phosphate 3 
Fluosilicie acid 4 Carbon dioxide 6 Chemo-Trenn 2 Rectisol ie: 11 
Hydrogen 2 Chlorine “sniff gas” 4 Collin 2 Schutt 7 
Hydrogen chloride 4,7  Coal-& coke-oven gas 2,3 Cominco 5 Seaboard 3 
Hydrogen cyanide 2, 6, 9, 10, 11 Complexing 11 Semidirect ammonia 
7, 11 gas Lime recovery 1 
Hydrogen fluoride 4 Fine 3. 5. 10 g  Staatsmijnen-Otto 6 
Hydrogen sulfide 1,2, 3,4 Fuel gases * "10 Direct Ammonia Recovery 7 Sulphidine 5 
_. 6, 7, 9, 10,11 Hydrocarbons, saturated 10 Ethanolamine 1 Thylox 6 
Iron cyanides 2 Hydrogen , 10,11 Exorption 5 Vacuum carbonate 3 
Ketones 9 Industrial exhaust gases 4 F-S 7 Water absorption 4 
Light oils ll 6,10 Ferrox 6 Zine oxide process 5 


Ethanolamines 


To Remove H.S and CQO; 


Here’s the story on some of the most important and widely 


used processes for removing H.S and CO.. 


Triethanolamine was the first al- 
kanolamine used as an absorbent 
for acidic gases to become commer- 
cially available. It found use in 
early gas treating plants. 

As other members of the alka- 
nolamine family came into the mar- 
ket, they were also evaluated as 
possible acid-gas absorbents. As a 
result, sufficient data are now avail- 


able on several of the alkanolamines 
to enable the most suitable com- 
pound to be selected for each par- 
ticular requirement. 

Two amines of major commercial 
interest for gas purification are 
monoethanolamine and diethanola- 
mine. 

Triethanolamine has been dis- 
placed largely because of its low ca- 
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pacity (because of higher equiva- 
lent weight), low reactivity (as a 
tertiary amine) and poor stability. 
Diaminoisopropanol, reportedly 
used in one early installation’ did 
not prove of commercial impor- 
tance. Methyldiethanolamine has 
been described* * as a selective ab- 
sorbent for H,S in the presence of 
CO, but its commercial use is lim- 
ited by a comparatively high cost. 
Somewhat different, £,6’-hydroxy- 
aminoethyl! ether has been proposed 
as a superior absorbent coupling 
the stability and _ reactivity of 
monoethanolamine with the low va- 
por presure and hygroscopity of 
diethylene glycol. Unfortunately, 
this material is quite difficult to 
synthesize and not now available on 
the market at a competitive price. 


Selection of Process Solution 


Monoethanolamine solutions are 
the preferred solvents for both 
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GAS PURIFICATION . . 


H.S and CO, unless special circum- 
stances indicate the desirability of 
using one of the other amines, Ex- 
amples of such circumstances in- 
clude: presence of impurities in the 
gas that may react irreversibly 
with monoethanolamine, need for 
selectivity and the requirement of 
very low vapor-loss. 

Principal reasons for the pre- 
ferred use of monoethanolamine 
are: low price, high reactivity, ex- 
cellent stability and the ease with 
which it is reclaimed from contami- 
nated solutions. principal 
drawbacks are a relatively high 
vapor pressure and its nonregen- 
erable reaction with carbonyl sul- 
fide—a common constituent of gas 
from cracking operations—under 
conditions prevailing in gas purifi- 
cation operations. 

The first mentioned drawback is 
usually overcome by a simple water 
wash to absorb vaporized amine 
from the gas stream. However, the 
latter effectively limits the use of 
monoethanolamine to natural gas 
and other gas streams relatively 
free from carbonyl sulfide (and 
CS.,). In refinery streams, 
where carbonyl] sulfide is generally 
encountered, diethanolamine is 
therefore the preferred solvent. 

If selective absorption of H.S in 
the presence of CO, is desired, use 
of one of the tertiary amines, tri- 
ethanolamine or methyldiethano- 
lamine, is indicated. 

Less work has been done on the 
rate of absorption of H.S by amine 
solutions than on the rate of CO, 
absorption. However, the lack of 
absorption rate data is normally of 
little concern in designing absorb- 
ers because of the high efficiencies 
obtained. In fact, it is not uncom- 
mon for purified gas streams leav- 
ing the top of amine absorbers to 
be practically in equilibrium with 
the entering solution with re- 
gard to H.S content. This has the 
effect of making the stripper per- 
formance more important than ab- 
sorber height if very pure gas is 
required, 

In general the rate of absorption 
of CO, is much lower than that of 
H.S in all amines although it is ab- 
sorbed more rapidly in monoetha- 
nolamine than in other solutions. 
Plate efficiencies for CO, absorption 
are generally below 20%, even with 
monoethanolamine, so absorption 
column height is an important fac- 
tor in determining the efficiency of 
CO, removal. 
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Monoethanolamine solutions are 
most frequently used for absorbing 
H.S and relatively low concentra- 
tions of CO, from high-pressure 
natural gas streams. Purity re- 
quirements for such gas, to make it 
suitable for transmission and util- 
ity use, are very high. Maximum 
H.S content of 0.25 grain/100 scf. 
is frequently specified. 

As mentioned above diethanol- 
amine is frequently used for purify- 
ing refinery gas streams because 
of its resistance to carbonyl sul- 
fide. Unfortunately, diethanolamine 
plants cannot be made to purify gas 
to the degree possible with mono- 
ethanolamine solutions. However, 
in refinery operations, the gas is 
often used for fuel within the re- 
finery so that a high degree of pur- 
ity is not required. 

Where large quantities of CO, 
are absorbed together with H.S, 
lower H,.S levels are obtainable in 
the product gas. This is a result of 
the stripping effect of CO, on H.S 
in the stripping column which pro- 
duces a lean solution containing 
very little H.S. 


What Concentration to Use 


Choice of amine concentration is 
quite arbitrary and usually made 
on the basis of corrosion and oper- 
ating experience rather than 
minimum first cost. With mono- 
ethanolamine plants, concentrations 
between 15-20% are quite typical 
and occasionally concentrations as 
low as 10% or as high as 30% are 
used. Using lower amine concentra- 
tions results in less corrosion of 
steel equipment, presumably due to 
lower concentrations of the amine 
acid gas compounds in solution. An 
average recommended concentra- 
tion is 15% monoethanolamine. 

Increasing the amine concentra- 
tion generally reduces the required 
solution circulation rate and there- 
fore the plant cost. However, the 
effect is not as great as might be 
expected, the principal reason be- 
ing: acid gas vapor pressure is 
higher over more concentrated solu- 
tions at equivalent acid gas to 
amine mole ratios (shown in 
Fig. 1). 

In addition, when the same quan- 
tity of acid gas is absorbed in a 
smaller volume of solution, the heat 
of reaction results in a greater in- 
crease in temperature and a conse- 
quently increased acid-gas vapor 
pressure over the solution. 


Solutions of diethanolamine used 
in refinery operations are generally 
of the same concentration by weight 
as monoethanolamine solutions in 
common use (10-25%), although 
their equivalent strength is lower. 
There is no economically valid rea- 
son why stronger diethanolamine 
solutions could not be used. How- 
ever, drawbacks may be encoun- 
tered such as increased hydrocarbon 
solubility and greater possibility of 
corrosion. Also, more concentrated 
solutions are, obviously, more ex- 
pensive. 

Pilot plant work with methyldi- 
ethanolamine and triethanolamine 
indicates that stronger solutions of 
these amines are more selective.* 
Solution concentrations of 30% by 
weight appear reasonable. 

Addition of glycol to the treating 
solution,’ results in an appreciable 
change in the character of the oper- 
ation. This process, commonly 
known as the glycol-amine process, 
finds considerable use in purifying 
high-pressure natural gas streams. 
Here, mixtures of diethylene or tri- 
ethylene glycol and monoethanol- 
amine containing about 5% water 
have found greatest application. 

Two principal advantages are 
offered by this process: simulta- 
neous dehydration of the gas with 
purification and decreased steam 
consumption when compared to 
aqueous systems. 

Disadvantages include increased 
loss of amine due to vaporization 
and somewhat more difficult purifi- 
cation of contaminated solutions. 

Data on the economics of CO, 
removal from very concentrated gas 
streams by monoethanolamine and 
diethanolamine solutions are in 
Table I in connection with an 
evaluation of the hot K.CO, proc- 
ess. This evaluation indicates con- 
ventional amine solutions are 
not competitive in this case al- 
though they are useful for final 
purification after bulk CO, removal 
by hot K.CO, or water-wash sys- 
tems. 


Flow Systems 


Basic Flow Scheme—Basic flow 
pattern for all alkanolamine acid 
gas absorption process systems is 
shown in Fig. 2. Gas for purifica- 
tion is passed upward through 
the absorber, countercurrent to a 
stream of the solution. 

Rich solution from the bottom 
of the absorber is heated by heat 
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exchange with lean solution from 
the bottom of the stripping column 
and then fed to the stripping col- 
umn at some point near the top. 

Lean solution, after partial cool- 
ing in the heat exchanger, is fur- 
ther cooled by exchange with water 
or air and fed to the top of the 
absorber to complete the cycle. 

Acid gas, removed from the solu- 
tion in the stripping column, is 
cooled to condense a major portion 
of the water vapor. This condensate 
(or other pure water source) is 
continually returned to the system 
to prevent the amine solution from 
becoming progressively more con- 
centrated. Generally, all or a por- 
tion of this water is added to the 
top of the stripping column at a 
point above the rich solution feed 
and serves to knock back amine va- 
pors carried by the acid-gas stream. 

When gas streams containing 
relatively large proportions of acid 
gases (over about 5%) ave purified, 
the quantity of solution required is 
normally so large that the purified 
gas is cooled by the lean solution 
at the top of the column to within 
a few degrees of the lean solution 
temperature. In such cases, essen- 
tially all of the heat of reaction is 
taken up by the solution which 
leaves the column at an elevated 
temperature. 

Typical temperature profile for 
an absorber of this type is shown 
in Fig. 3. The temperature “bulge” 
is a result of cool inlet gas absorb- 
ing heat from the rich solution at 
the bottom of the column and later 
losing this heat to cooler solution 
near the upper part of the column. 

When more dilute gases are puri- 
fied, the quantity of gas is so large, 
relative to the mass of solution, that 
gas leaving the contact zone carries 
more of the heat generated than 
does the solution. In the extreme 
case, illustrated in Fig. 4, the solu- 
tion is cooled to approximately the 
temperature of the incoming gas 
before it leaves the column and es- 
sentially all of the heat of reaction 
is taken out of the column by the 
gas stream. This stream leaves at 
an appreciably higher temperature 
than the incoming lean solution. 


Water Wash for Recovery — 
Simplest modification of the flow 
system in Fig. 2 includes a water 
wash at the top of the absorber 
to reduce losses of amine with 
the purified gas. If acid gas con- 
densate is used for this purpose, 
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no draw-off tray is required as it is 
necessary to readmit this water 
back to the system at some point. 
Some acid gas is reintroduced into 
the gas stream if the water is used 
“as is” because the condensate is 
saturated with acid gas under the 
conditions of the condenser. 

If the gas volume is very large, 
compared with the amount of wash 
water, this may be of no conse- 
quence. However, if calculations 
indicate the quantity of acid gas 
introduced is excessive, a water 
stripper can be included in the proc- 
ess. In its simplest form, this unit 
is a small packed column. Water is 
admitted at the top and withdrawn 
at the bottom with process steam 
fed to the bottom to provide heat 
and stripping vapor. 

In some cases, insufficient con- 
densate is available from the acid- 
gas stream to provide water reflux 
at the top of both the stripper and 
the absorber. In this event, water 
from some other source may be used 
to wash the purified gas, with a 
draw-off tray provided to prevent 
build-up of water in the amine solu- 
tion. 

Number of trays used for water 
wash varies from two to five in com- 
mercial installations. Experience’ 
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indicates an efficiency of 40-50% / 
tray under typical absorber operat- 
ing conditions. It appears four 
trays are enough to remove over 
80% of the vaporized amine from 
the purified gas and, incidentally, 
a major portion of the amine car- 
ried as entrained droplets in the gas 
stream. 

Probably, an even greater tray 
efficiency is obtained in the water- 
wash section of the stripping col- 
umn. However, because of the 
higher temperature involved, the 
amine content of the vapors enter- 
ing this section may be quite high. 
Four to six trays are commonly used 
for this service. 


Glycol Wash—Obviously, a wa- 
ter wash cannot be used with the 
glycol-amine system to recover 
amine vapors from the purified gas 
stream if dehydration is desired. 
Because of this, several novel 
schemes have been devised to wash 
the gas with glycol.’ One of 
these is shown in Fig. 5. In this 
arrangement, a small stream of 
solution, relatively low in amine 
content, washes the gas stream 
after it leaves the primary ab- 
sorber. This solution is stripped in 
a separate small reboiler, the vapors 
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from which are vented directly into 
the main stripping column as 
shown. 

In one modification, the primary 
contacting is done at low pressure 
to reduce the H.S and CO, content 
of gas before compression. Final 
washing with a solution low in both 
amine and water, removes the last 
traces of H.S and CO, and provides 
maximum dehydration with negli- 
gible amine loss by vaporization. 

A commercial operation of an ar- 
rangement of this type, uses a pri- 
mary solution containing 30% 
monoethanolamine and 13% water 
with the balance glycol, while the 
wash solution contains about 10% 
monoethanolamine and 8% water. 


Split-Stream Cycle — One flow 
modification for aqueous amine 
solutions to reduce the steam re- 
quirement is shown in Fig. 6. This 
is a split-stream scheme where only 
a portion of the solution is stripped 
te a low acid-gas concentration. 

‘Rich solution from the bottom of 
the absorber is split into two 
streams; one stream is fed to the 
top of the stripping column and 
one to the midpoint. The top stream 
flows downward countercurrent to 
the vapors rising from the reboiler 
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and is withdrawn at a point above 
the inlet of the second portion of : ; 
the rich solution. Liquid withdrawn Glycol-amine system uses glycol wash to reduce amine loss 
from this upper portion of the sabe 
stripping column—not completely me. A 
stripped—is recycled back to the Purified gos. | 


absorber to absorb the bulk of the 
acid gases in the lower portion of ~ : 


the absorber column. 
That portion of solution intro- cnne auntie? Acid gas 
duced near the midpoint of the to disposal 


stripping column flows through the | 

reboiler and is very thoroughly | 
stripped of absorbed acid gases. 

This solution is returned to the top 

of the absorber where it reduces 


the acid-gas content of the product Sour gas 
gas to the desired low level. - 
In this system, the quantity of fat 
vapor rising through the stripping Contactor Stripping 
column is less than in a conven- column 
tional plant. However, the ratio of ~ 
liquid to vapor is lower in both 
Split-stream scheme for aqueous amines reduces steam requirements 
total liquid stream. 


Obvious drawback of this process a Acid gas 
modification is that it appreciably Purified gos | <> 
increases the initial cost of the : Lean solution 


treating plant. The stripping col- | 

umn is taller and more complex and \Semi-lean solution 
the two streams require separate 4 
piping systems with two sets of 
pumps, heat exchangers and cool- 
ers. 
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temperatures and _ concentrations 
throughout the system) carbon 
steel is a suitable material of con- 
struction for most parts of the 
plant. Stainless steel tubes are fre- 
quently used in the reboiler and 
hottest exchanger pass in aqueous 


amine plants. Aluminum is a satis- 
factory material of construction 
for use in heat exchanger and 
reboiler bundles and, also, quite 
well used as a material for some 
portions of the stripping still in 
gylcol-amine systems. 


2—Removing and CO» 
With Aqueous 


NH, for removing acidic constituents is old but recent develop- 


ments make many processes commercial. 


Ethanolamine processes’ are 
ideally suited for the treatment of 
natural, refinery and_ synthesis 
gases which contain H,S and CO, 
as the only impurities to be re- 
moved. For gas streams containing 
carbonyl] sulfide, CS,, HCN, organic 
acids, nitrogen bases and other im- 
purities, the ethanolamine proc- 
esses are of limited application 
because ethanolamines react non- 
regeneratively with certain impuri- 
ties and are not readily recoverable 
from fouled solutions. 

Purification of coal gas—which 
contains such impurities, and which 
in most countries outside the U. S. 
is still an important industrial and 
domestic fuel—requires processes 
not having the above limitation. 
The presence of NH, in coal gases 
naturally led to considering its use 
for removal of acid gases—ideally, 
so that the maximum amount of 
both NH, and acid gases could be 
recovered, 

Principal objective of coal-gas 
purification is the removal of H.S 
and nitrogen compounds, primarily 
NH,. These compounds, undesirable 
because of their corrosive nature, 
are present in such high concentra- 
tions that their removal from the 
gas is an absolute necessity. 

Carbon dioxide is always a major 
impurity in coal gas. Although it 
is not generally necessary to remove 
CO, from gases used as fuels, par- 
tial removal improves the heating 


value. Complete CO, elimination 
is required for gases undergoing 
processing at very low tempera- 
tures—e.g., coke-oven gas purifica- 
tion to provide H, for NH, syn- 
thesis. 

Although the idea of using aque- 
ous NH, solutions for the removal 
of acidic constituents from gases 
is quite old, commercial application 
of such processes—especially for 
selective removal of H.S from coal 
gases and complete removal of CO, 
from synthesis gases—has only re- 
cently been accomplished. Avail- 
ability of corrosion-resistant mate- 
rials and better understanding of 
certain physical phenomena have 
led to considerable improvement of 
the process economics and, conse- 
quently, to the acceptance of many 
of these methods by the industries 
concerned with gas-purification 
problems. 


Removing H.S Selectively 


Absorption of NH, into water is 
quite rapid and governed almost 
entirely by the gas-film resistance; 
in fact, this is the classical system 
for chemical engineering studies of 
gas-film resistance. The rate of 
absorption of H.S into aqueous NH, 
solutions is also rapid, although de- 
pendent upon NH, concentrations. 
In the presence of an adequate 
concentration of NH, at the inter- 
face, it’s probable the rate of H.S 


Corrosion of carbon steel equip- 
ment is materially reduced by 
continuous removal of amine de- 
composition products. This is ac- 
complished by steam or vacuum 
distillation of a small solution side 
stream. 


absorption is also governed by gas- 
film resistance. 

On the other hand, CO, absorp- 
tion into water or weak alkaline 
solutions is considered typical of 
liquid-film controlled systems—not 
because its gas-film resistance is 
any lower than those of H.S and 
NH,, but because its liquid-film re- 
sistance is very much greater than 
the others. 

Net result is that when gases 
containing H.S, NH, and CO, are 
contacted with water, the NH, and 
H.S are absorbed much more rap- 
idly than the CO,. This difference 
can be accentuated by operating 
under conditions which reduce gas- 
film resistance or increase liquid- 
film resistance. 

Efficiency of CO, absorption can 
be improved by turbulence in the 
liquid film, aiding diffusion of un- 
reacted molecules into the body of 
the liquid, and extended hold-time 
of liquid in the absorption zone, 
permitting reaction of CO, mole- 
cules to occur. These conditions 
can be met by a tall packed-column 
operating at a high liquid-rate or 
by a liquid-filled column through 
which gas bubbles pass. 

Hydrogen sulfide and NH, ab- 
sorption rates can be increased by 
inducing turbulence in the gas 
phase at the interface. This re- 
quires a high relative velocity be- 
tween gas and liquid. High-pressure 
spray nozzles and tray columns 
with bubble caps or Kittel trays 
suit this purpose. If maximum 
selectivity for H.S and NH, is de- 
sired, spray columns with relatively 
short contact-time are particularly 
suitable. 

Another factor that affects proc- 
ess selectivity is that once in solu- 
tion, CO, is an appreciably stronger 
acid than H.S. Under equilibrium 
conditions, the process would actu- 
ally be expected to be selective for 
CO.. If NH, is added with the wash 
water and a sufficiently tall column 
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is used, this is indeed possible. 
When NH, enters with the feed 
gas, however, it is absorbed near 
the bottom of the column. Since 
very little absorption of CO, can 
occur in pure water, additional col- 
umn height wi!l have little effect 
on the selectivity or on the total 
amount of acid gases absorbed. 

The first liquid process“ using 
NH, to remove H.S consisted of 
washing the gas with sufficient 
aqueous NH, to absorb essentially 
all the H.S and CO,. Acid gases 
were subsequently expelled from 
the solution by heating, and the 
regenerated solution recirculated 
to the absorber. Maximum removal 
of CO, required circulation of large 
volumes of liquid and resulting high 
steam-consumption for solution re- 
generation made the process uneco- 
nomical. 

Many processes were developed 
subsequently involving simultane- 
ous absorption of H.S and NH, fol- 
lowed by oxidation to elemental 
sulfur and (NH,).SO,. Recently, 
Terres” examined the problem of 
H.S and NH, recovery from coal 
gases in view of present-day eco- 
nomics. He concluded that simul- 
taneous removal, and subsequent 
conversion of the two compounds 
to (NH,).SO,, constitutes the least 
desirable route. 

New interest in processes using 
NH, as the absorbent was aroused 
after the discovery of its selectivity 
for H.S in the presence of CO.. 
Many processes based on this prin- 
ciple have been proposed and some 
applied on experimental or indus- 
trial scales. These developments 
are of recent date and originated 
primarily in Germany. 

The rapid increase in popularity 
of these processes is shown by the 
fact that between 1949 and 1954 
the daily gas volume treated with 
NH, solutions in Germany increased 
from 85 to 260 million scf." A 
review of process technology in 
1957 is given by Riihl.” 


Variations on the Process—Se- 
lective H.S removal processes can 
be operated without recycle, with 
partial recycle and with total re- 
cycle of the wash solution. The 
first two types of processes are 
usually integrated with the NH, 
removal system of a coke-oven or 
gas plant. Most NH, contained in 
the gas is absorbed simultaneously 
with H.S and thus serves as the 
active agent in the solution. 
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Selective H.S removal processes 
do not result in complete elimina- 
tion of H.S. If the treated gas is 
intended for use as a domestic fuel 
or in synthesis processes, a final 
purification step is required. De- 
gree of H.S removal depends on 
several operating variables but it 
appears that elimination of about 
90% of the H.S is the maximum 
economically attainable. Substan- 
tial amounts of HCN are also re- 
moved in the selective absorber. 


Without and With Partial Re- 
cycle—Basic flow scheme of the 
selective H.S removal process 
without liquid recycle is quite 
simple. Cooled gas is contacted 
counter-currently in an absorber 
with water or a mixture of water 
and cooled gas condensate. Ab- 
sorber effluent is sent to the NH, 
plant for further processing. Prin- 
cipal difference in the various proc- 
esses presently used lies in the de- 
sign of the selective absorber. 

Ammonia present in most coal 
gases is insufficient to remove more 
than about 30-50% of the HLS. 
Recycling of regenerated acid-gas- 
free NH, solution is necessary if 
more complete H.S elimination is 
desired. Fig. 8 shows a schematic 
flow diagram of a typical selective 
H.S removal process without re- 
cycle (black) and with partial 
liquid-recycle (in color) combined 
with an NH, removal plant using 
the indirect process for (NH,).S0, 
recovery. 

Cooled gas enters the bottom of 
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the selective H.S absorber where 
it is contacted counter-currently 
with the absorption liquid, which 
may be a mixture of fresh water, 
gas condensate and _ recirculated 
regenerated aqueous NH, From 
the H.S absorber the gas flows to 
the NH, scrubber where residual 
NH, is removed with water, and 
from there to the final H.S purifier 
(usually iron oxide dry boxes) and 
the benzene recovery column. 

In the once-through process, the 
liquid effluent from the H.S ab- 
sorber is combined with the effluent 
from the NH, scrubber and fed to 
an NH, distillation column in which 
both NH, and absorbed acid gases 
are stripped from the solution. 
Ammonia contained in the overhead 
vapors from this column is con- 
verted to (NH,).SO, by reaction 
with H.SO, in a conventional satu- 
rator. Acid gases are processed to 
elemental sulfur or H.SO,. Of 
course, it is also possible to con- 
dense the overhead vapors from 
the distillation column to strong 
ammoniacal liquor. 

If partial liquid-recycle is used, 
the rich NH, solution leaving the 
H.S absorber is fed to the middle 
of the acid gas stripper, after heat 
exchange with a portion of the 
stripped solution. To control the 
temperature at the top of the strip- 
per and to avoid losses of NH, in 
the overhead vapors a small stream 
of the cold-rich solution is bypassed 
around the heat exchanger and fed 
to the top of the stripping column. 

Acid gases are expelled from the 


Selective HoS removal without recycle and 
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solution by indirect heating with 
steam and the regenerated solution 
is divided into two portions. The 


stream is heat exchanged 


with the incoming solution, cooled 
and returned to the H.S absorber. 
The remaining portion of the acid- 
gas-free solution is combined with 
the effluent liquid from the NH, 
scrubber and fed to the NH, dis- 
tillation column. 
from this column are absorbed in 


Overhead vapors 


a conventional saturator. 


Several other flow schemes, de- 
pending on the desired end-prod- 


the process—strong ammon- 


iacal liquor, (NH,}.SO,, (NH,).CO,, 
(NH,).S, NH,OH, NH,, H.S—are 
proposed by Bahr.” Variations of 
this process flow scheme are also 
discussed by Bayerlein’’ and Riihl.” 

A typical selective H.S removal 


with partial solution re- 


cycle, combined with a semidirect 
(NH,).SO, recovery plant, is shown 


9. Cooled gas is contacted 
in the H.S ab- 


the absorber, flows to the 
yx for conversion of NH, to 


(NH,).SO,. Rich NH, solution leav- 


bottom of the H.S absorber 
the acid-gas stripper where 
CO, are expelled by heating. 
of the acid-gas-free solu- 


tion is recycled to the H.S absorber 
while the remainder is stripped of 


a distillation column. Over- 


head vapors from this column con- 
sist essentially of NH, and are re- 
cycled to the H.S absorber. 


The 
of NH, available for H.S 


tion of fresh water to the H.S ab- 
sorber. Different flow arrange- 
ments of this process are also de- 
scribed by Bahr.” 

Ammonia and acid gases removed 
from the gas can be processed to 
yield a variety of products by com- 
bination with a Claus-type sulfur 
plant, a H.SO, plant or a sulfite-sul- 
fate process.” An __ interesting 
method for the chemical separation 
of the acid gases and NH, the 
“Chemo-Trenn” process—is  de- 
scribed by Bahr.” This process op- 
erates in conjunction with a once- 
through selective H.S absorber. 

Overhead vapors from the NH, 
distillation column which contain 
NH,, H.S, CO, and HCN are first 
contacted in a spray column with a 
weakly acidic solution. Ammonia is 
absorbed quantitatively by the liq- 
uid, and the NH,-free acid gases 
are processed further as desired. 
Ammonia is removed from the so- 
lution by heating in a second tower, 
provided with a reboiler, and the 
cooled solution is recycled to the ab- 
sorber. 

Schematic diagram of the process 
with the absorption and stripping 
section located in one vessel is 
shown in Fig. 10. Phenol, xylenol 
and amino acids are suitable for use 
as the acidic absorbent. Operating 
data” indicate that 99.5% separa- 
tion can be obtained. 


Processes With Total Recycle— 
Processes using total solution re- 
cycle are entirely independent of 
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removal is controlled by the addi- 


the NH, recovery plant. Ammonia 
in the wash solution is maintained 
at such a concentration that the 
vapor pressure of NH, over the so- 
lution is essentially the same as the 
partial pressure of NH, in the gas. 
Therefore, practically no NH, is re- 
moved from the gas in the H.S ab- 
sorber. This operation permits com- 
pletely separated H.S and NH, re- 
moval systems. A typical example 
of such a process is the Collin” ” * 
process, used in several commercial 
English and European installations. 
A schematic diagram of the Col- 
lin process is shown in Fig. 11. 
Feed gas is contacted countercur- 
rently with the wash solution in a 
spray tower containing six stages. 
Solution is withdrawn from the bot- 
tom of each stage and pumped to 
the top of the stage where it is at- 
omized by small spray nozzles. 
Final rich NH, solution flows 
from the bottom of the spray tower 
to a surge tank, from which it is 
pumped to a heat exchanger for 
preheating against regenerated so- 
lution. Preheated solution enters 
a stripping column near the middle 
of the upper section. The upper sec- 
tion of the stripper contains bubble 
cap trays, while ceramic packing is 
used in the lower section. The solu- 
tion is regenerated by _ indirect 
steam heating in a reboiler and 
pumped back to the absorber after 
passage through the heat ex- 
changer, a cooler and a surge tank. 
Stripping column-top tempera- 
ture and NH, losses from the vessel 
are controlled by admitting a small 
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stream of cold, rich solution to the Collin process selectively absorbs HaS with totai recycle 


top of the stripper. Acid-gas stream To NH3 removal 


leaving the top of the stripping col- 
umn contains H.S, CO., HCN and a 
trace of NH, Ammonia lost from 
the system is replenished by absorb- 
ing NH, from the inlet gas. 


Removing CO, With NH, 


Aqueous NH, solutions are used 
to some extent for the removal of 
CO. from synthesis gases. Probably 
the best known application of this 
process is the purification of H, 
for NH, synthesis. Several installa- i! 
tions of this type are operating in Pier Hos Ne 
Europe and one plant treating coke- absorber @ 
oven gas has been built recently in 
the U.S. The process is most eco- 
nomical for treating partially desul- 
furized coke-oven gases of rela- 
tively low CO, content. However, 
Low cost aqueous NH3 to remove makes process attractive 
thesis gases containing about 30% CO» and HS 
CO.. 

The economics of CO, removal 
from a gas stream containing 34% 
CO. by seven different combina- 
tions of hot K.CO,, ethanolamine, a 
water-wash and NH, processes was ph Se 
studied by Mullowney.* Analysis es 
shows a combination involving bulk S| 
CO, removal with hot K.CO,, (from ag: 
384% to 2% CO.) followed by treat- isd 
ment with aqueous NH, (from 2% Bah 
to 150 ppm. CO.) and final CO, re- Coke-oven 
moval (to 10-25 ppm.) by scrubbing gos 
with caustic results in more favor- 
able economics than a process in 
which the CO, is reduced from 34% as ated 
to 150 ppm. by treatment with 
aqueous NH, followed by caustic 
scrubbing. 

Main advantages of the process 
are low cost of the treating agent 
and the fact that the efficiency of 
the process is essentially unaffected 
by the presence of carbony! sulfide, 
CS. and relatively small amounts of 
H.S and HCN in the gas. 

Principal disadvantage is the 
somewhat corrosive nature of the 
carbonated solution, especially if 
the gas contains appreciable quan- 
titiés of HCN, which requires spe- 
cial materials of construction in the 
solution regeneration section. An- 
other disadvantage is the more 
complex flow scheme as compared 
to either the ethanolamine or the 
hot K.CO, process. 


Acid gas 
Fig. Il stripper 


To caustic scrubber 


f-Acid gas 
stripper 


NH3 Wash column 
Stripper Fig. 12 


How This Process Works — A 
schematic flow diagram of the proc- 
ess as used for CO, removal from 
coke-oven gas* is shown in Fig. 12. 
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Fig. 12a shows an installation of 
this process at Ketona Chemical Co. 

Compressed coke-oven gas (with 
most of the H.S, benzene and high- 
molecular-weight unsaturated hy- 
drocarbons removed) enters the 
bottom of the CO, absorber where it 
is contacted countercurrently with 
a 2-5% aqueous NH, solution. 

The treated gas contains about 
150 ppm. of CO., practically no H.S 
and a small amount of NH, which is 
recovered in the water-wash col- 
umn. Carbon dioxide content of the 
gas is subsequently reduced to a 
final value of 10-25 ppm. by treat- 
ment with NaOH solution. 

Carbonated NH, solution flows 
from the bottom of the CO, ab- 
sorber, is heated in an exchanger 
against regenerated solution, and 
then flows to the regenerator. Car- 
bon dioxide is expelled from the 
solution by heating with direct 
steam which is supplied to the NH, 


stripper. Regenerated NH, solution 
leaving the bottom of the regener- 
ator is split into two unequal 
streams. 

The larger stream flows through 
the heat exchanger to a surge tank 
from which it is pumped to the top 
of the absorber; the smaller stream 
flows to the NH, stripper where 
NH, is removed from the liquid by 
contact with direct steam. The mix- 
ture of steam and NH, passes from 
the top of the stripper to the re- 
generator where NH, is absorbed 
and the steam is used for removing 
CO, from the carbonated solution. 
Ammonia-free water, containing 
inorganic salts such as thiocyanates 
and iron cyanide complexes, is dis- 
carded to avoid excessive build-up 
of undesirable salts in the circulat- 
ing solution. 

Water rejected from the system 
in the NH, stripper is replaced by 
adding an equivalent volume of cold 


3—Alkaline Salt Solutions 


for \bsorbing 


HS and COs 


Favorable economics of alkaline salt absorbents 


finger them for gas purification processes. 


A prime requirement for solu- 
tions used in regenerative CO, and 
H.S removal processes is that any 
compound formed from the acid gas 
and the solution must be readily 
dissociated. This precludes the 
strong alkalis; however, salts of 
these compounds with weak acids 
offer possibilities, and a number of 
processes have been developed based 
on such salts. Typically, the proc- 
esses employ an aqueous solution of 
a salt containing sodium or potas- 
sium as the cation, with an anion 
selected so the resulting solution is 
buffered at a pH of 9-11. 

This alkaline solution will absorb 
H.S and CO, (and other acid gases) 
and, because of the buffering action 
of weak acid in the original solu- 
tion, the pH will not change rapidly 
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as the acid gases are absorbed. 
Salts which have been proposed 
for processes of this type include 
sodium and potassium carbonate, 
phosphate, borate, phenolate and 
salts of weak organic acids. 
Sodium and potassium carbonate 
solutions, because of low cost and 
ready availability, have been used 
extensively for absorption of CO, 
and H.S from gas streams. For 
similar reasons, a considerable 
amount of laboratory absorption 
data has been obtained with the 
system CO.-Na,.CO,. In fact, the 
extent of research on this system 
is probably out of proportion to its 
industrial importance. Less basic- 
design information is available on 
the absorption of H.S in Na,CO, and 
K.CO, solutions than on CO, absorp- 


reflux to the top of the regenerator. 
Effluent from the bottom of the 
water-wash column, containing es- 
sentially all the NH, removed from 
the treated gas, is used as reflux. 
Since a larger quantity of water is 
used in the water-wash column than 
is required for regenerator reflux, 
excess wash water is withdrawn at 
the middle of the wash column and 
discarded. This stream contains 
only a trace of NH, and the losses 
incurred are negligible. 

Carbon steel is used for the ab- 
absorber, water-wash column and 
solution cooler while the solution 
heat exchanger, regenerator and 
NH, stripper use cast iron. 

Corrosion of plant sections oper- 
ating at elevated temperatures is 
aggravated by high H.S and HCN 
content of the gas treated. In cases 
where such gases are processed, 
special alloys or ceramic linings 
may be required. 


tion, although H.S removal by such 
solutions is the basis for at least 
two commercial processes—the Sea- 
board and vacuum carbonate proc- 
esses. 

Carbon dioxide is a stronger acid 
in solution than H.S. Its ionization 
constant for the first-step ionization 
H.CO, = H* + HCO, is approxi- 
mately 4 x 10° at 25 C. as com- 
pared with about 1 x 10° for the 
corresponding H.S ionization. Nev- 
ertheless, H.S is absorbed more 
rapidly than CO, by aqueous alka- 
line salt solutions, and partial selec- 
tivity can be obtained when both 
acid gases are present. 


Alkali Carbonates to Absorb CO. 


Sodium and potassium carbonate 
solutions have been used to a con- 
siderable extent for the absorption 
of CO, from flue gases for the man- 
ufacture of dry ice. This operation 
—described by Quinn and Jones™ 
and Reich*—cannot be classified 
properly as a gas purification proc- 
ess, as the primary reason for re- 
moving CO, is to provide a raw 
material for subsequent chemical 
processing. 

In the conventional CO, recovery 
process, the alkali carbonate is par- 
tially converted to bicarbonate in 
the absorber, and back to the car- 
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bonate again in the steam-heated 
regenerator. Absorption is very 
slow because of the low alkalinity 
of the solution, and two packed ab- 
sorbers in series are commonly 
used. Major drawbacks of the proc- 
ess are poor efficiency of CO, re- 
covery and the high steam require- 
ment for regeneration. Therefore, 
most modern CO, plants employ 
aqueous monoethanolamine to re- 
move CO, from flue gas. 

Sodium carbonate (with free hy- 
droxide) is also frequently used to 
remove the last traces of CO, from 
H, or other gases from which CO, 
may have been removed by a water 
wash or other relatively inefficient 
process. In this operation, Na.CO, 
is formed by the reaction of CO, 
with free hydroxide, and the alka- 
linity is maintained at a high level 
by periodic addition of fresh caus- 
tic. No attempt is made to regen- 
erate the solution, which is dis- 
carded or used elsewhere when its 
alkalinity is too low to remove CO.. 

This type of process also removes 
traces of CO, from air used as feed 
to low-temperature air separation 
plants, or other processes requiring 
high-purity air. Some increase in 
efficiency of caustic utilization can 
be realized by using two or more 
stages of absorption. 


Seaboard Process 


The Seaboard process is based 
upon the absorption of H.S by a 
dilute Na,CO, solution and regen- 
eration by air. Although this proc- 
ess has been supplanted in many 
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cases by newer developments, it was 
the first regenerative liquid process 
for H.S removal applied commer- 
cially on a large scale. The process 
was introduced by Koppers, and has 
been described by Sperr.” 


Principal advantages of the proc- © 


ess are extreme simplicity and 
economy. Its chief drawbacks are 
the occurrence of side reactions 
caused by the introduction of O, in 
the air regeneration step, and the 
disposal of the foul air containing 
H.S. This process is capable of H.S 
removal efficiencies of 85-95% in 
single-stage plants. 


How Seaboard Works—A flow- 
sheet of a typical Seaboard process 
installation is presented in Fig. 13. 
The circulating solution normally 
contains 3-3.5% Na.CO,;. This is 
used to wash the gas in a counter- 
current absorber column, and is 
regenerated in a separate actifier 
column by a countercurrent flow of 
low-pressure air. 

Air from the actifier contains 
the H.S removed in a concentration 
on the order of one-half that in the 
feed gas stream. Since such con- 
centrations of H.S are extremely 
objectionable, it is necessary to 
either vent the air through a tall 
stack or, preferably, to use it as 
combustion air for some other plant 
operation. Disposal by combustion 
offers the advantages that the sul- 
fur is vented to the atmosphere as 
the less objectionable SO, and better 
dispersal is obtained because of the 
high temperature and velocity of 
the combustion stack gases. 
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Air as stripping vapor has the 
disadvantage of promoting oxida- 
tion in the system. Approximately 
5% of the H.S absorbed is oxidized 
to thiosulfate. As sodium thiosul- 
fate is not regenerable by simple 
stripping, build-up of this salt re- 
sults in solution-activity loss, and 
it is necessary to replace a portion 
of the solution periodically. 


Vacuum Carbonate Process 


Vacuum regeneration of alkali 
carbonate solutions for H.S absorp- 
tion is a relatively recent develop- 
ment of the Koppers Co., Inc.” * 
The process was an outgrowth of 
the early Seaboard process, which 
uses air reactivation, and offers the 
added advantage of recovering H.S 
in a concentrated, usable form. Use 
of vacuum reduces the steam re- 
quirement to about 4 that required 
for steam stripping at atmospheric 
pressure.” 

First installation of the vacuum 
carbonate process was in Germany 
and used a K,CO, solution. Plants 
constructed in the U.S. have in 
general employed Na,.CO, solutions. 
Application of the process has been 
primarily to coke-oven gas streams, 
which generally contain 300-500 
grains H,S/100 scf. This gas con- 
tains HCN and other impurities 
which may cause difficulties with 
other H.S absorption systems. 


Process Description—A _ simpli- 
fied flow diagram of the process is 
shown in Fig. 14. Impure gas is 
contacted with dilute Na.CO, in a 


139 


~ 
yo 
= 
| 
4 
| 
| 
| 
i 
: 
i 
q 
hel 
ai 
| 


GAS PURIFICATION . . . 


packed countercurrent absorber, 
and the rich solution is passed to 
the top of an actifier column, where 
it is regenerated by vacuum dis- 
tillation. Regenerated solution is 
then pumped from the bottom of 
the actifier through a_ solution 
cooler back to the absorber. Gases 
from the top of the actifier, which 
consist of H.S, HCN, CO, and 
water vapor, pass through con- 
densers and a vacuum-pump sys- 
tem. In the illustrated process, heat 
required for activation is provided 
by low-pressure steam in a reboiler 
at the base of the actifier. 

In a modification of the process,” 
a major portion of heat is supplied 
to solution in the actifier by heat 
exchange with a source of low-level 
waste heat. Such heat is available 
in most coke-oven plants in the form 
of “flushing liquor,” which is cir- 
culated through the hot-gas collect- 
ing mains and reaches a tempera- 
ture of 75 — 80 C.” Solution is 
pumped from the bottom of the 
actifier through the heat exchang- 
ers, where it is heated by the flush- 
ing liquor, then back to the lower 
portion of the actifier where strip- 
ping vapors are flashed off because 
of the low boiling-temperature in 
the vacuum actifier. 

When both H.S and CO, are pres- 
ent in the gas stream contacting a 
Na.CO, solution, a high percent- 
age of the H.S will be absorbed (in 
a tower of reasonable height) be- 
cause of the difference in rates of 
reaction. Unfortunately, however, 
absorbed CO, will not be completely 
stripped, and the bicarbonate con- 
centration of the solution will grad- 
ually build up until a steady state 
condition is attained. At this point, 
the amount of CO, absorbed (which 
decreases with increased NaHCO, 
concentration) will equal the 
amount stripped in the desorption 
step. Net effect of increased CO, 
concentration in the gas (with the 
same H.S concentration) is to in- 
crease the NaHCO, content of the 
circulating solution, thereby de- 
creasing its absorption capacity and 
resulting in an increased solution 
circulation requirement. 


There Are Operating Problems 
—Minor constituents in coke-oven 
gas—particularly naphthalene—can 
cause difficulty in the operation of 
vacuum carbonate process plants. 
Smith” recommends that the proc- 
ess be limited in application to 
gases containing not more than: 


140 


¢2 grains naphthalene/100 scf. 

¢ 1.5 grains NH, (including py- 
ridine) /100 sef. 

e1 grain tar-fog/100 scf. 

Coke-oven gas normally meets the 
above specifications after passing 
through benzol washers. If the vac- 
uum carbonate process is located 
ahead of the benzol washers, as may 
be done to improve HCN yield, spe- 
cial precautions are necessary to 
minimize difficulty due to naphtha- 
lene. 

Naphthalene is only slightly sol- 
uble in Na.CO, solution, but a small 
amount is absorbed by the solution 
when it contacts the coke-oven gas. 
Absorbed naphthalene is stripped 
from the solution in the actifier 
and carried by the acid-gas stream 
to the condensers. Naphthalene 
concentration in the _ acid-gas 
stream is a function of the initial 
concentration in the coke-oven gas, 
and if this is too high, condensation 
can occur when the acid gas is 
cooled. Since naphthalene condenses 
as a_ solid, condensation causes 
plugging of condensers and other 
equipment. 

Ammonia dissolves readily in 
Na.CO, solution and is also stripped 
in the actifier. Cooling the actifier 
off-gas causes the condensation of 
water which readily dissolves NH, 
from the acid-gas stream. Dissolved 
NH, in the condensate increases the 
solubility of H.S. Since the conden- 
sate is returned to the system, the 
over-all H.S removal efficiency of 
the process is reduced. Pyridine be- 
haves in a similar manner; how- 
ever, the amount of this compound 
is usually too small to have an ap- 
preciable effect on the process effi- 
ciency. 

Corrosion is not a major problem 
with vacuum carbonate plants be- 
cause of the low temperatures em- 
ployed. Mild steel is the primary 
material of construction, although 
wood absorber packing and stain- 
less steel activator trays are used. 
Stainless steel is also used for 
minor components of the vacuum 
and other pumps, thermometer 
wells and instrument diaphragms. 


Operating Costs—Daily utility 
and chemical requirements and op- 
erating costs for a typical vacuum 
carbonate plant, treating 55 mil- 
lion sef./day of coke-oven gas have 
been made available by Koppers 
Co., Inc.“ In order to point out 
steam savings possible by the 
use of waste heat in the actifier 


reboiler, data are presented for two 
plant designs—one using external 
steam to provide reboiler heat, and 
the other using the heat exchanger 
system. Operating cost savings re- 
sulting from the use of the heat 
exchanger system are appreciable. 
But, the plant investment for this 
design is somewhat higher. 


K;PO, Process Has Advantages 


The use of a K,PO, solution for 
H.S removal was introduced by 
Shell Development Co." This proc- 
ess has been displaced to a consider- 
able extent by ethanolamine proc- 
esses for refinery and natural gas 
purification, but it offers some ad- 
vantages for special applications. 
Principal advantages are nonvola- 
tility of the active component in the 
solution, insolubility in hydrocar- 
bon liquids and nonreactivity with 
carbonyl sulfide and other trace 
impurities. 

These properties make the tri- 
potassium phosphate process suit- 
able for high-temperature applica- 
tion, treating liquid hydrocarbons, 
and purifying refinery or synthesis 
gases. In common with other alkali 
salt processes, the K,PO, process 
offers some selectivity for H.S in 
the presence of CO.. This selectivity 
gives the phosphate process an eco- 
nomic advantage over monoethanol- 
amine or diethanolamine systems 
when it is desired to remove H.S 
with a minimum extraction of CO. 
from gas streams containing both 
at CO./H.S ratios exceeding 4/1. 


Process Description—Basic flow 
cycle used is similar to that of 
ethanolamine processes and other 
heat regenerative systems. Where 
a high degree of purification of a 
gas is reauired, a double-stream 
system, such as shown in Fig. 15, 
is suggested. 

If no CO, is present, a 40-50% 
(wt.) solution of K,PO, is used; 
however, if CO. is present, a 35% 
solution is generally used to avoid 
precipitation of carbonate. In the 
split-stream cycle, a portion of the 
solution is passed through a second 
stripping zone and aqueous con- 
densate is added to this portion 
after final stripping. 

This regenerated dilute stream is 
fed to the top of the absorber to 
provide final cleanup of the gas 
stream. High purity is attainable 
with the dilute solution since for a 
given H.S/K,PO, ratio, the vapor 
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pressure of H.S is lower over solu- 
tions containing less K,PO,. 


Alkacid Process 


The Alkacid process—developed 
by I. G. Farbenindustrie” in Ger- 
many—uses a solution of the salt of 
a strong inorganic base and weak 
organic nonvolatile acid with a 
conventional heat regenerative cy- 
cle as employed by the K,PO, and 
ethanolamine processes. Three dif- 
ferent specific compounds may be 
employed. 

The solutions are designated as 
Alkacid solution ““M’’, Alkacid solu- 
tion “dik” and Alkacid solution “S” 
—each with a specific field of appli- 
cation. The “M” solution contains 
sodium alanine and is used for 
absorbing either H.S or CO, when 
present alone, or for absorbing both 
gases simultaneously. The “dik” 
solution contains the potassium salt 
of diethyl or dimethyl] glycine, and 
is used for the selective removal of 
H.S from gases containing CO., and 
also from gases containing small 
quantities of CS. or HCN. 

Solution “S”, reported to be a 
solution of sodium phenolate,” was 
developed for gases containing an 
appreciable amount of other im- 
purities such as HCN, NH,, CS., 
mercaptans, dust and tar. 

A number of Alkacid plants for 
the removal of H.S and CO, have 
been built in Germany,” but no com- 
mercial installations are known to 
have been operated in the U.S., 
though the process has been studied 
on a pilot-plant scale.” 


Hot K.CO, Process 


This process was developed by 
the Bureau of Mines at Bruceton, 
Pa., as part of work on liquid-fuel 
synthesis from coal. Research on 
CO, removal was conducted to re- 
duce the cost of synthesis-gas puri- 
fication by a process which would 
take maximum advantage of syn- 
thesis-gas conditions—i.e., high CO, 
partial pressure and high tempera- 
ture. 

A flowsheet of the process is 
shown in Fig. 16. The process has 
been described in considerable de- 
tail by publications of Benson and 
coworkers.” 

The Bureau of Mines’ work re- 
sulted in the development of an 
economical commercial process. A 
patent covering one aspect of this 
work has been issued to Benson and 


Field in Great Britain.” This patent 
describes the use of K.CO, solution 
as an absorbent at temperatures 
near its atmospheric boiling point 
and regeneration by flashing and 
steam stripping. 

As a result of the high absorber 
temperature, the steam which other 
regenerative processes require to 
heat the solution to stripping tem- 
perature is not required in the hot 
K.CO, system. In addition, the need 
for heat exchange equipment be- 
tween the absorber and stripper is 
eliminated. The high temperature 
also increases the solubility of 
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KHCO,, permitting operation with 
a highly concentrated solution. 

In the split-stream process, a 
portion of the lean solution from 
the regenerator is cooled and ad- 
mitted to the top of the absorber, 
while the major portion is added 
hot at a point some distance below 
the top. This simple modification 
improves the gas purity by decreas- 
ing the equilibrium vapor pressure 
of CO. over the solution last con- 
tacted by the gas. 

A more complex scheme has been 
proposed where more complete CO, 
removal is required. In this pro- 
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Treatment (see below) 1 
Plant investment, thousands of dollars 
Operating cost, 
Thousands of dollars /year 
Direct operating costs 
Utilities 
Steam, $0.55/1,000 Ib. 
Electricity, $0.01 /kwh. 
Cooling water, $0.02/1,000 
gal. 
Process water, $0.10/1,000 
gal. 
Gas losses, $0.50/1,000 scf. 


Chemical losses, 1957 cost 2 


Operating labor: foremen, 
$3.50 /hr.; operators, $2.75 /hr.; 


22% payroll burden 47 
Maintenance, 4% plant cost 24 
Plant general 51 

Total direct costs............. 441 
Indirect operating costs 
Depreciation, 10% plant cost 61 
Taxes and insurance, 2.5% 
plant cost 15 
Total indirect costs............ 76 
Total operating costs 517 
Treating cost 
Dollars /1,000 scf. gas treated 0.12 


Doliars/1,000 scf. CO, removed 0.35 
Design conditions 


Costs for Removing CO. From a Concentrated Gas Stream—Table |! 


262 
19 


32 


2 3 4 5 6 7 
921 S45 619 . 778 793 
252 93 97 96 10 366 

29 19 18 21 4| 19 

32 18 18 19 7 33 

1 
3 7 8 5 37 3 

17 1 26 26 2 3 
47 47 66 66 47 47 
37 22 24 25 31 32 
58 50 66 67 55 55 
475 267 230) 569 
92 55 60 62 78 79 
23 14 15 15 19 20 
115 69 75 ae 97 99 
590 336 398 403 327 668 

0.14 0.08 0.09 0.09 0.08 0.15 
0.40 0.23 0.27 0.27 0.22 0.45 


Feed gas: 12 million sef./day at 350 psig. containing 34.3% (vol.) COz 
Product gas: containing less than 25 ppm. CO; (vol.). 


Treatment 
1. Aqueous 


+h, 


(15-20%). 


2. Aqueous diethanolamine (20-25%) followed by caustic. 

3. Hot K,CO, followed by aqueous monoethanolamine. 

4, Hot K:CO, followed by aqueous diethanolamine, then by caustic. 
5. Hot K:CO, followed by aqueous NH;, then by caustic. 

6. Water scrubbing followed by aqueous monoeth 


7. Aqueous NH; followed by caustic. 


posed modification, the main solu- 
tion stream is withdrawn from the 
stripping column at a point above 
the reboiler so that only a portion 
of the solution passes down through 
the bottom of the stripping column 
to the reboiler. Since this portion 
of the solution is regenerated by 
the total steam supply to the strip- 
ping column, it is thoroughly re- 
generated and is capable of reduc- 
ing the CO, content of the gas to a 
low value. The main solution stream 
is fed to the midpoint of the ab- 
sorber, while the more completely 
regenerated portion is admitted at 
the top. 


Economics of the Process—Al- 
though the hot K,CO, process can 
be made to produce low CO, concen- 
trations by the use of split-flow 
cycles, it appears that its greatest 
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economic advantage is for bulk CO. 
removal where high purity is not 
required or where some other proc- 
ess can be used for final cleanup of 
the gas. A comprehensive study of 
the economics of various treating 
schemes for removing CO, from a 
typical NH, plant synthesis gas has 
been presented by Mullowney.” 
Seven schemes were considered, 
three of which employed the hot 
K.CO, process in combination with 
other process steps for final purifi- 
cation. Results of this study are 
shown in Table I. Of the seven 
process schemes considered, the use 
of hot K.CO, followed by an aque- 
ous monoethanolamine plant for 
final CO, removal showed the lowest 
total plant investment. This com- 
bination and water wash followed 
by aqueous  monoethanolamine 
showed equally low operating costs, 
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which, however, were only slightly 
lower than those of the hot K.CO, 
process followed by diethanolamine 
and caustic, and those of the hot 
K.CO, process followed by NH, 
wash and caustic. The latter two 
systems are relatively complex, but 
have the advantage of being appli- 
cable to gases containing carbonyl 
sulfide or other impurities which 
prevent the use of monoethanol- 
amine for final CO, removal. 

An economic comparison of the 
hot K.CO, and monoethanolamine 
processes by Eickmeyer*® also points 
out the advantage of the former 
process for high CO, gases. This 
study indicates that the two proc- 
esses become competitive at a CO. 
partial pressure of about 20 psia. 
Below this value, the amine process 
appears more economical and above 
it, the hot K.CO, process becomes 
increasingly advantageous. 


Giammarco-Vetrocoke Process 


A new process for the removal 
and recovery of CO, has been de- 
veloped by Giammarco of Vetrocoke 
(Italy). This process, covered by a 
number of Italian patents,” is based 
on the use of an alkali carbonate 
solution which is activated by the 
addition of certain organic or inor- 
ganic substances. Organic additives 
are used in very small concentra- 
tions, while the inorganic materials 
(reportedly more effective) are 
used in relatively high concentra- 
tions. Inorganic additives include 
such compounds as arsenic trioxide, 
selenious and tellurous acid. Ar- 
senic trioxide, for example, is used 
in such amounts that the absorbing 
solution may be considered an alka- 
line arsenite rather than an acti- 
vated alkaline carbonate.“ 

Activators cause a considerable 
increase in the rate of CO. absorp- 
tion and desorption, and conse- 
quently, the process requires an ap- 
preciably smaller absorber and 
stripper than the conventional hot 
K.CO, process. The arsenite solu- 
tions are reported to regenerate 
more readily and at a lower tem- 
perature, so that steam require- 
ments are reduced. Regeneration 
under pressure is also possible to 
permit recovery of CO, with re- 
duced compression costs. Because 
of the high rates of absorption and 
complete stripping, it is reported 
that treated gas containing very 
small amounts of CO, can be ob- 
tained with the process.“ 
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i— Water As an Absorbent 


For Gas Impurities 


Cleaning large volumes of exhaust gas? Don’t want to invest in 


expensive regeneration? Try water absorption. 


Principal advantage of water as 
an absorbent for gas impurities is, 
of course, its ready availability at 
low cost. This factor alone is suffi- 
cient to make water worth consider- 
ing for removal of reasonably 
soluble gas impurities. 

Water is particularly applicable 
to treatment of large volumes of 
low-pressure exhaust gas for pre- 
vention of air pollution because sol- 
vent losses are difficult to avoid in 
such installations. Organic  sol- 
vents, in general, have sufficient 
vapor pressure to cause appreciable 
losses by vaporization into the puri- 
fied gas stream. 

Practically any chemical absorb- 
ent other than water requires a 
tight system and—unless a salable 
reaction product is formed—also 
a regenerative cycle. Water, on the 
other hand, is used in simple scrub- 
bing units with less concern over 
leakage, and frequently on a once- 
through basis with the rich solu- 
tion discarded. 

Water is also useful for washing 
high-pressure gases when the solu- 
bility of an impurity (such as CO.) 
that is only sparingly soluble at low 
pressure is brought up to an eco- 
nomically high level by a higher 
partial pressure. 

Gas-phase impurities absorbed 
commercially in water scrubbing 
operations include NH,, SO., CO., 
HF, SiF,, HCl and Cl,. Absorption 
of NH, (and other nitrogen bases) 
is discussed in other sections. 

Impurities specifically considered 
in this section are CO., H.S, HF, 
SiF,, HCl and Cl.. All of these form 
acids in aqueous solutions, and cor- 
rosion prevention is a common prob- 
lem. However, they are by no means 
equally corrosive; they also differ 
in the nature of the required ab- 
sorption processes. 

Carbon dioxide, H.S and Cl, are 
relatively insoluble in water, and 
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their absorption rates are deter- 
mined largely by the liquid film re- 
sistance. Hydrogen fluoride, SiF, 
and HCl, on the other hand, are very 
soluble in water, and their absorp- 
tion is generally found to be gas- 
film controlled. 

When any of the above impuri- 
ties are absorbed from a gas stream, 
small amounts of the primary gase- 
ous components are also absorbed. 
This effect is particularly noticeable 
in high-pressure operations, and 
materially effects the economics of 
the water wash process for such 
cases. 


Carbon Dioxide Absorption 


Absorption of CO, in water is of 
some industrial importance for 
purifying certain high-pressure gas 
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streams, particularly in NH, syn- 
thesis. However, the process is ap- 
parently being replaced by more 
efficient systems employing higher- 
capacity solvents such as mono- 


ethanolamine and K.CO,. A flow 
diagram of a simple water absorp- 
tion operation is shown in Fig. 17. 

In its simplest form, the process 
consists of nothing more than an 
absorption tower operating at an 
elevated pressure, a flash chamber 
where CO, is disengaged from the 
water after pressure reduction, and 
a pump to return the water to the 
top of the absorber. 

In the flow diagram shown, a 
power-recovery turbine is added to 
reclaim some of the power available 
from pressure reduction of the 
liquid and expansion of the ab- 
sorbed gas. A degasifier tower pro- 
vides better removal of CO, from 
the water than a simple flash tank. 

This process is limited to gas 
streams containing CO, at a partial 
pressure over about 50 psi. in order 
to obtain an economically useful 
CO. capacity of the water solvent. 
This, in effect, limits the process 
to absorption pressures over 200 


psig. since NH, synthesis gas 
streams typically contain about 25% 
CO.. 


Water as an absorbent offers the 
following advantages as compared, 
for example, to monoethanolamine 
solutions: 
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Simple plant design (no heat 
exchangers or reboilers). 

* No heat load. 

«Inexpensive solvent. 

eSolvent not reactive with 
COS, O, and other possible trace 
constituents. 

eNo nitrogeneous solvent 
vapors introduced into the gas 
stream. 

Principal disadvantages are: 

e Excessive loss of H, or other 
valuable constituents of the gas 
stream. 

e Very high pumping load. 

e Poor CO.-removal efficiency. 

¢Impure bypreduct CO.. 

Since NH, is frequently converted 
to urea at the plant site by reacting 
with CO,, the need for high purity 
CO. often precludes a water wash 
process. Relative economics of the 
two processes depends to a large 
extent on the costs assigned to 
thermal energy and power. If waste 
heat is available from other proc- 
ess steps, the amine process is gen- 
erally more economical. 


Power Recovery—Power recov- 
ery equipment of some kind is de- 
sirable in water absorption plants 
because of the{large amount of 
power required for pumping. Im- 
pulse-type (Pelton) or reaction 
(Francis) turbines have been em- 
ployed. 

Pelton wheel turbines generally 
permit recovery of 50 to 60% of the 
energy in the high-pressure water 
stream, while Francis turbines pro- 
vide energy recovery up to about 
80%. Since the water pump effi- 
ciency is about 80%, the power re- 
covery equipment, at best, supplies 
approximately 65% of the required 
input energy to the pumps. 

An unusual power recovery sys- 
tem has been employed at DuPont’s 
Belle, W. Va., NH, plant.” Water 
from scrubbers operating at 30 atm. 
pressure is forced to the top of a 
600-ft. mountain next to the plant. 
Carbon dioxide is flashed from the 
water at atmospheric pressure on 
the top of the mountain, and final 
stripping is accomplished at this 
location by air blowing. The ele- 
vated position of the water after 
final stripping provides a high suc- 
tion pressure for the pumps that 
feed the water back into the ab- 
sorbers; this decreases the system’s 
horsepower requirement. About 
60% of the energy in the high-pres- 
sure water is recovered in this man- 
ner—the principal remaining power 
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requirement is to overcome friction 
in the long lines up and down the 
mountain. 


Corrosion — Unlike amine and 
alkali salt process solutions that are 
generally basic or nearly neutral, 
water becomes quite acid when ap- 
preciable quantities of CO, are ab- 
sorbed. 

As would be expected, this re- 
sults in corrosion problems in water 
wash CO.-removal plants. However, 
a compensating factor is that, un- 
like the other processes, the water 
system operates at near ambient 
temp2ratures throughout the cycle. 
Low temperature level is a favor- 


able factor with regard to corro- 


sion, and the absence of heat 
exchangers reduces the amount of 
corrodible metal exposed. 

Corrosion of steel by CO, and 
other dissolved gases has_ been 
studied. In general, the presence of 
O. greatly accelerates the rate of 
corrosion by CO., while H.S in small 
quantities inhibits CO, corrosion. 

In commercial operations, corro- 
sion is minimized by: adding in- 
hibitors such as potassium dichro- 
mate to the water, using stainless 
steel in areas of high turbulence, 
and applying protective coatings to 
the interior of the absorber and 
other vessels. 

Wood cooling towers are adapt- 
able to the stripping operation 
where countercurrent contact with 
air is required. Conventional water 
treatment to control algae is re- 
quired in installations where the 
water is exposed to light. 

Foaming is not usually a problem. 
However, when it does occur, be- 
cause of the presence of oil or other 
impurities in the water, conven- 
tional foam inhibitors such as high- 
molecular-weight alcohols (e.g., 
Ocenol) or silicones are quite ef- 
fective. 


Hydrogen Sulfide Absorption 


Although H.S is appreciably more 
soluble in water than CO., removal 
of this impurity from gas streams 
with water is not a commercially 
important process. This is probably 
because H.S is seldom present in the 
gas stream at a high enough partial 
pressure to make water absorption 
practical. 

Other factors that may have sup- 
pressed the process are the gener- 
ally stringent purity requirements 
for H.S removal systems and the 


impracticality of air stripping (be- 
cause of side reactions). 

As pointed out previously, one of 
the primary advantages of the wa- 
ter wash process for CO. removal 
is lack of necessity for the high heat 
load of amine or alkali salt systems. 
Heat requirements of the amine 
process for H.S absorption are not 
quite as high as those for CO, be- 
cause of a lower heat of reaction. 
Furthermore, when sufficient quan- 
tities of H.S are present to make 
the heat load an economic burden, 
it is generally economical (and 
sometimes mandatory) to convert 
the H.S to elemental sulfur—an op- 
eration generating sufficient waste 
heat to operate the amine plant. 

In spite of the above considera- 
tions, the absorption of H.S in water 
is economical in special cases, and 
has been demonstrated to be a tech- 
nologically feasible operation. In 
some instances, small quantities of 
H.S are removed simultaneously 
with CO, in water wash plants de- 
signed primarily for CO, absorp- 
tion. 

In its simplest form, the water 
wash process for H.S removal re- 
quires nothing more than an ab- 
sorber, flash vessel, and _ recycle 
pump. As justified by the econom- 
ics, additional equipment may be 
added to reduce hydrocarbon losses, 
recover energy from the _ high- 
pressure water, or control operat- 
ing temperature. 


Absorption of Fluorides 


Removal of fluorine compounds 
from industrial exhaust gases is in- 
creasing in importance as an air- 
pollution control measure. Fluorides 
are emitted from many processes 
and actual vegetation damage or 
cattle fluorosis has reportedly re- 
sulted near sites producing alumi- 
num, phosphate fertilizer, iron, 
enamel and bricks. Two operations 
of major importance from the 
standpoint of quantity of fluorine 
compounds liberated are phosphate 
rock treatment and aluminum metal 
reduction. 

Chemical reactions leading to the 
evolution of gaseous fluorine com- 
pounds in the above operations are 
not completely understood. How- 
ever, the resulting compounds are 
usually SiF, and HF. Particulate 
matter is also usually present in the 
exhaust gas streams; these sub- 
stances may contain nonvolatile 
fluorine compounds. 
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In practice, aluminum-plant ex- 
haust gases contain primarily HF 
with some particulate fluorides such 
as NaF and AIF,; while gases from 
the acidulation of phosphate rocks 
contain primarily SiF,. Other phos- 
phate rock processing operations in- 
volving high temperature, e.g. nodu- 
lizing kilns and calcium phosphate 
furnaces, evolve primarily HF. 

Fortunately, both HF and SiF, 
are very soluble in water, and most 
commercial installations for con- 
trolling fluoride emission take ad- 
vantage of this property. 

Since large volumes of low-pres- 
sure gas are handled, design of 
exhaust-gas contacting equipment is 
governed to a large extent by the 
requirement of a minimum pressure 
drop. Low investment and operat- 
ing cost are also important with 
equipment of this type, as the re- 
sulting acid solutions usually do not 
represent an economically recover- 
able byproduct. 

Other factors are the presence of 
solid particulate matter in the gas 
stream and the formation of solids 
by reactions in the scrubbing liquid. 

As a result of the above consid- 
erations, fluoride absorption units 
usually are based on water spray 
systems or relatively open grid 
packing. Effluent solution is recy- 
cled to build up the acid concentra- 
tion, treated with lime slurry to 
precipitate the fluoride ion, or dis- 
carded without further treatment. 

Hydrogen fluoride is quite solu- 
ble in water at relatively low tem- 
peratures. Gas containing 130 ppm. 
(by volume) of HF, for example, 
representing a vapor pressure of 0.1 
mm.Hg, can theoretically produce a 
scrubber effluent solution contain- 
ing almost 5% HF. However, in 
commercial installations, a very 
large excess of water is usually 
used, and the discharged solutions 
seldom contain over 0.1% HF. 

When SiF, is absorbed in water, 
it reacts to form fluosilicic acid and 
silica (which precipitates). The 
acid solution that results has a very 
low pH and exerts a definite vapor 
pressure of HF and SiF,. 

Absorbers for removing fluoride 
vapors from gas streams with water 
include the following general types: 

¢ Spray chambers (vertical and 
horizontal). 

e Packed towers (typically low- 
pressure grid packing). 

e Venturi scrubbers in which 
high gas velocities cause atomiza- 
tion of the water. 
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e Ejectors in which high-veloc- 
ity water jets scrub and exhaust the 
gas. 

e Wet cells consisting of beds 
of wetted fiber. 

A wide variety of spray chamber 
designs are employed—from tall 
cylindrical towers to horizontal ves- 
sels with cross- or co-current flow of 
water and gas. In typical spray 
chambers, water is introduced at 
several points from nozzles operat- 
ing with 15- to 60-psig. water. 

Packed towers are generally more 
efficient than spray chambers but 
suffer from the disadvantages of a 
somewhat higher pressure drop and 
greater tendency to clog. Most suc- 
cessful packings are the grid type 
that present less pressure drop to 
gas than conventional raschig rings 
and berl saddles. Wood slats are 
usually employed, although an open- 
type, injection-molded plastic pack- 
ing has also been proposed for this 
service. 

Venturi scrubbers are very effi- 
cient in providing atomization of 
the water and good contact between 
the gas and liquid phases. However, 
they require a relatively high gas- 
side pressure drop and consequently 
a high power requirement. This 
type of scrubber is probably more 
widespread for removing particu- 
late matter than for absorbing 
soluble vapors. 

Ejectors offer the advantages of 
simplicity because they serve as ex- 
hausters for the gas as well as con- 
tactors for absorption of the soluble 
vapors. Their principal drawback 
is a relatively high power require- 
ment caused by the inefficiency of 
ejectors in moving gas as compared 
to well-designed blowers. 


Materials of Construction — As 
expected with chemicals as corro- 
sive as HF and fluosilicic acid, 
selection of suitable construction 
materials is an important design 
consideration. As a general princi- 
ple, unprotected carbon steel isn’t 
suitable for aqueous solutions of 
these acids in any concentration. 
Therefore, corrosion resistant al- 
loys, organic materials (wood or 
polymers), concrete or brick must 
be employed. 

Exhaust gas containing HF is 
normally produced at an elevated 
temperature; carbon steel ducts can 
be used to convey the gas to the 
purification system—provided gas 
temperature is well above the dew 
point. 
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Usually, it is necessary to precool 
the gas before it enters the actual 
absorption equipment so that the 
latter can be constructed or lined 
with wood or other organic mate- 
rial. The gas is readily cooled by 
water sprays within the ductwork. 
This section of the ducting is con- 
structed of stainless steel or other 
material that stands both high tem- 
peratures and corrosive liquids. 

After cooling, the gas and dilute 
aqueous HF solution is handled in 
equipment constructed of wood or 
lined with resistant plastics such 
as polyvinyl chloride, polyethylene, 
Kel-F and neoprene. 

For large aluminum-plant scrub- 
bers, the HF absorption towers are 
constructed of clear heart redwood 
staves, with internal piping of poly- 
vinyl chloride, and brass, stainless 
steel or Monel nozzles. 

Ejectors for HF service are con- 
structed of cast iron or steel and 
lined with a protective film such as 
neoprene or Kel-F; or they are fab- 
ricated entirely from an HF-resist- 
ant material. Asplit “F,’’ a modi- 
fied phenolic resin fortified with 
inert carbon filler, is satisfactory 
for this service.“ 

In SiF, operations, the gas is us- 
ually available at moderate tempera- 
ture (from phosphate rock acidula- 
tion). However, relatively high 
fluoride concentrations may occur. 
Depending on whether recirculation 
is practiced, the fluosilicic acid con- 
centration in the liquid ranges from 
a fraction to over 10%. Because of 
the wide range of operating condi- 
tions and performance requirements 
of fertilizer-plant, exhaust-gas puri- 
fying systems, a eonsiderable vari- 
ety of construction materials is 
used. 

Experience in Great Britain” in- 
dicates that good-quality engineer- 
ing brick bonded with a _ latex 
hydraulic-type cement is the most 
satisfactory type of massive con- 
struction for SiF, absorption tow- 
ers. 

In the U. S., towers are more com- 
monly constructed of wood with or 
without a protective organic coat- 
ing. Tower basins and sumps are 
usually constructed of conventional 
portland-cement concrete. This ma- 
terial is protected from severe at- 
tack by a precipitation of SiO, and 
other compounds in the pores as a 
result of the initial reaction between 
fluosilicie acid and constituents of 
the cement. 

Monel metal and stainless steel 


145 


° : 
We 
| 
‘ 
i 
| 
| 
fi 
: 
i 
3 
¥ 
4 |; 


GAS PURIFICATION . 


having a high chromium-molybde- 
num-nickel content are generally 
‘the most resistant materials of con- 
struction for equipment in contact 
with fluosilicic acid. However, these 
metals are very expensive and gen- 
erally reserved for precision parts 
such as impellers and nozzles in very 
severe service, particularly when re- 
circulation is practiced. 

Common brass is quite satisfac- 
tory for exterior piping and spray 
nozzles. Lead is not satisfactory for 
handling fluosilicic acid solutions, 
primarily because of erosion due to 
SiO, particles. 

Particles of SiO, which precipi- 
tate from both gas and _ liquid 
phases, also complicate the design 
of lines and vessels in another way. 
Silica coats the inside of ducts and 
columns, plugs packings and set- 
tles out of the solution stream wher- 
ever velocity is reduced. This prob- 
lem is best handled by designing 
equipment so that all surfaces in 
the absorber are flushed with ade- 
quate quantities of water, and the 
resulting solution is kept moving as 
rapidly as possible in lines and col- 
lection basins. 

In spite of such precautions, it’s 
common practice to flush out SiF, 
absorption systems with high-pres- 
sure water once every two or three 
days and physically scrape deposited 
SiO, from the walls and ducts sev- 
eral times a year. 


Disposal of Absorbed Fluoride 
—In both HF and SiF, absorption 
operations, the product water may 
be too acid and toxic for direct dis- 
posal to sewers. Therefore, it is 
common practice to neutralize the 
effluent with limestone (or lime) in 
a separate tank. Fluoride ion is pre- 
cipitated as CaF,; when other com- 
ponents such as SiO, and iron are 
present, these are also precipitated 
as a result of the pH change. Pre- 
cipitates are readily separated by 
settling or filtration and disposed 
of separately, although occasionally 
the neutralized mixture—relatively 
innocuous—is disposed of as a di- 
lute slurry. 

Efforts have been made in s)me 
installations to recover the fluorine 
evolved in phosphate-rock process- 
ing as cryolite or other marketable 
products. Quantity of fluorine 
evolved in such operations is very 
large—approximating the total con- 
sumption of fluorine in the United 
States during 1956,“ so steps appear 
warranted to recover it. 
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A process developed by the Ten- 
nessee Valley Authority reportedly 
accomplishes this.“ In the TVA 
process, the water used to scrub 
nodulizing-kiln exhaust gas is main- 
tained at a pH of 5 to 6 by contin- 
uous addition of NH;. Resulting rich 
liquor is treated to precipitate im- 
purities and yield a valuable NH,F 
solution. 

Absorber solution is recirculated 
to bring fluorine content up to about 
35 g./liter. This rich solution is 
then reacted with sufficient NH, to 
raise the pH to 9, precipitating 
iron, SiO, and part of the phosphor- 
ous. Precipitate is filtered from the 
solution, which is then used to make 
cryolite (by adding Na.SO, and 
alum at a pH of 6) or AIF,,. 


Hydrochloric Acid Absorption 


Absorption of HC] in water (or in 
dilute HCl) is a very important 
operation in the production of com- 
mercial! HCl. It is much less impor- 
tant as a gas purification process 
because HCl is seldom present in 
industrial gas streams other than 
those associated with its manufac- 
ture. When HC] vapor is present as 
an impurity in gas streams, it is 
readily removed by washing with 
water. Only complicating factors 
are the extreme corrosiveness of 
the resulting solution and the prob- 
lem of disposal. 

Vapor pressure of HCl over di- 
lute aqueous solutions is extremely 
low aithough it increases appre- 
ciably with rise of temperature. 
However, the heat of solution is 
considerable (240 Btu./lb. of 35% 
HCl produced at room tempera- 
ture). If complete removal of HCl 
from a concentrated gas stream or 
a solution of maximum concentra- 
tion is desired, heat removal is nec- 
essary. This is accomplished by 
using cooled absorbers or recycling 
the acid through a cooler and back 
to the absorption unit. 

Hydrochloric acid is extremely 
corrosive to most metals, so great 
care must be exercised in choosing 


construction materials. Special al- . 


loys such as Durichlor, the Chlori- 
mets and the Hastelloys are suitable 
for HCl solutions under some con- 
ditions. Pure tantalum is inert to 
HCl at all concentrations and at 
temperatures up to 350 F. 

Among the nonmetals suitable 
are acidproof brick, chemical stone- 
ware, chemical porcelain, glass and 
glass-lined steel, rubber (natural 


and synthetic for low-temperature 
service), plastics (vinyl chloride, 
polyethylene, polystyrene and filled 
phenolics and fluorocarbons) and 
various forms of carbon. 

Carbon and graphite are used ex- 
tensively in handling wet or dry HCl 
at temperatures up to about 750 F. 
Karbate, a resin impregnated car- 
bon or graphite material is widely 
used for heat-transfer and absorp- 
tion equipment. 


Chlorine Absorption 


Chlorine removal gas 
streams occurs most frequently as a 
gas purification problem in connec- 
tion with manufacturing, liquefy- 
ing, transferring and storing ele- 
mental Cl,. Also, the problem occurs 
as a result of MgCl, electrolysis, 
hydrocarbon chlorinations and other 
Cl.-producing or consuming opera- 
tions. 

Principal source of chlorine-con- 
taining gas in_ caustic-chlorine 
plants is the liquefaction step where 
noncondensibles are vented from Cl, 
condensers as “sniff” gas containing 
30 to 40% Cl. by weight. Dilute 
gas collected at other points of the 
operation also requires purification 
before venting to the atmosphere. 

Many processes have been devel- 
oped to recover Cl, from the vent 
gas streams, particularly for its use 
in the manufacture of bleach. When 
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the demand for bleach doesn’t jus- 
tify this operation, a regenerative 
recovery system is necessary, and 
one of the simplest of these involves 
absorption in water. 

Absorption of Cl, in water is also 
an important step in the manufac- 
ture of certain types of wood pulp. 
In this application, the process is 
intended primarily to provide a 
source of concentrated bleaching 
solution. However, design data ob- 
tained for the absorption step are 
equally applicable to gas purification 
or chlorine recovery operations. 

Schematic diagram of the water 
absorption process for recovering 
chlorine from caustic-chlorine-proc- 
ess “sniff” gas“ is shown in Fig. 18. 
In this process, chlorine-containing 


noncondensible gas from the lique- 
faction stage of Cl, manufacture is 
scrubbed countercurrently with wa- 
ter in a packed absorber. Resulting 
chlorine-free gas is vented to the 
atmosphere, and the aqueous Cl. 
solution cools impure Cl, from the 
electrolytic cell by direct contact in 
a second packed tower. Chlorine re- 
maining in the water after contact 
with the hot cell gas is removed by 
steam-stripping in the lower por- 
tion of the same tower, and the 
stripped water is discarded. 

The chlorine-water system is 
both an acid and a strong oxidizing 
agent. Therefore, it constitutes an 
extremely corrosive environment. 
Materials normally resistant to oxi- 
dizing conditions, such as stainless 


Dioxide Removal 
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processes will extract SO, from stack gases. 


Elimination of SO. from stack 
gases has probably been the subject 
of more research than any other 
gas purification operation. Unfor- 
tunately, results of this research 
have not been outstandingly suc- 
cessful. In fact, at the present time, 
there are no commercially developed 
processes that economically recover 
sulfur or SO, from stack gases nor- 
mally produced by combustion. 

There are two basic reasons for 
such a situation. One is: Gas vol- 
umes are so large, relative to the 
amount of sulfur they contain, that 
any plant to handle them must be 
expensive. The second reason is: 
Possible byproducts are of limited 
value. Pure liquid SO, commands a 
reasonably high price. However, 
the market for this material is quite 
small. Elemental sulfur and H.SO, 
have virtually unlimited markets as 
basic raw materials but sell for cor- 
respondingly low figures. 

This problem is further compli- 


cated because stack gases consid- 
ered for SO, recovery are normally 
at a high temperature and low pres- 
sure and, in addition, contain ap- 
preciable amounts of dust and other 
contaminants. By the time gases 
of this type are cleaned and cooled 
for processing and forced through 
an SO, recovery unit of any design, 
operating expenses of considerable 
magnitude are incurred. 

Primary incentive for recovery of 
SO. from stack gases is air pollu- 
tion abatement. Of increasing im- 
portance in this regard are legal 
limitations on the quantity and con- 
centrations vented. 

Flue gases from combustion proc- 
esses normally contain less than 
0.5% SO.. Relationship between sul- 
fur content of the fuel and SO, con- 
tent of the resulting flue gas is 
shown in Table II. Values given 
are based upon combustion with ap- 
proximately 15% excess air. 

Stack gas from smelters handling 
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steels, are attacked by aqueous Cl, 
solutions because the oxidation 
products formed are soluble in wa- 
ter and cannot protect the underly- 
ing metal. Carbon steel is ravidly 
attacked. However, because rubber 
is resistant to the solutions at mod- 
erate temperatures, rubber-lined 
steel equipment is employed. Rub- 
ber-lined absorbers are used, for 
example, in the “sniff” gas recovery 
process previously described. 

Ceramics and glass are unaffected 
by chlorine solutions; thus, glass 
pipe and stoneware packing are ex- 
cellent materials of construction for 
this system. Among the metals, 
nickel, silver, tantalum, Chlorimet 
3 and Durichlor show the best re- 
sistance. 


SO, In Flue Gases—Table Il 


% SO, in 
Fuel Flue Gas 
0.31 


Refinery sludge (40% H.SO,). 2.0 


sulfide ores, on the other hand, may 
have up to as high as 8% SO., and 
the economics of recovering sulfur 
values from such gases are much 
more favorable. Of course, the 
problems of discharging such gases 
without recovery are more acute. 

In many cases, the presence of 
high SO, concentrations is not suffi- 
cient to make recovery economical, 
as a market for the resulting prod- 
ucts must also be found. 

Many smelting operations pro- 
ducing high concentrations of SO, 
in the gaseous product feed the gas 
stream directly to a conventional 
H.SO, plant. Design and operation 
of acid plants of this variety is not 
discussed because such plants in- 
volve more separation and chemical 
manufacturing operations than typ- 
ical gas purification processes. 
Removal of unconverted SO, from 
acid-plant tail gas, on the other 
hand, constitutes a gas purification 
problem. 


147 


H 
By 
ai! 
: 
£ 
| 
{ 
q 
| 
| 
| 
. ? 
ete 


GAS PURIFICATION . . 


Aromatic Amine Absorbents 


Processes for recovering SO, via 
absorption in aromatic amines, par- 
ticularly xylidine and dimethylani- 
line, are more widespread than any 
of the other regenerative systems 
for smelter fumes. However, no ap- 
plications on gases containing less 
than about 3.5% SO, are known. 


Sulphidine Process—Absorbent 
used in this process is a mixture 
of xylidine and water (approxi- 
mately 1:1). The mixture fed to 
the top of the absorber consists of 
two layers, but during absorption 
of SO., water-soluble xylidine sul- 
fite is formed. Liquid from the bot- 
tom of the absorber, therefore, is a 
water solution of xylidine sulfite. 
This liquid is stripped of SO, by 
heating. Sodium carbonate is added 
to the solution to convert any xyli- 
dine sulfate formed to Na,SO,. Flow 
diagram of the process is presented 
in Fig. 19.” 

Fumes are first cleaned in Cot- 
trell precipitators, then passed 
through the two packed absorbers 
in series where they are contacted 
with the xylidine-water absorbent. 
Xylidine vapors are recovered from 
the exhaust gas by washing with 
dilute H,SO,. Rich absorbent is 
pumped to the top of a raschig-ring 
packed stripping column where the 
SO, is removed by heating to 95- 
100 C. The reboiler is heated indi- 
rectly by steam. Vapors from the 
stripping column are first passed 
through a cooler where water and 
xylidine vapors are condensed, then 
through a water wash column to 
further reduce the xylidine content 
of the SO.. Water from this column 
and from the condenser, saturated 
with SO, and containing some xyli- 
dine, is returned to the stripping 
column. 

Stripped xylidine-water mixture 
from the bottom of the stripping 
column is passed to a separator 
where excess water is removed to 
purge the system of Na,SO,. Xyli- 
dine and water in the proper pro- 
portions are pumped through a 
cooler to the top of the second ab- 
sorber. 

Sodium carbonate in water is 
added periodically to the circulating 
liquid stream in the second ab- 
sorber. The added Na.CO, is con- 
verted by free SO, to Na.SO, and 
CO, that passes out of the column 
with the waste gas. Sodium sulfite 
combines with sulfate ions, formed 
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by oxidation, and the resulting 
Na.SO, is removed from the system 
with the waste water stream. 


Asarco Process — This process 
developed by American Smelting & 
Refining Corp. for recovering SO, 
from smelter gases represents an 
improvement over the Sulphidine 
process with regard to reagent loss, 
steam consumption and labor re- 
quirements. 

Although it is reported that 
either dimethylaniline (DMA) or 
xylidine may be used as solvents,” 
dimethylaniline is used in all com- 
mercial installations. Principal ad- 
vantage of dimethylaniline is that 
it does not require water in suspen- 
sion to dissolve the SO, compound 
formed. In addition, for high con- 
centrations of SO, in the feed gas, 
dimethylaniline absorbs larger 
quantities of SO, than xylidine. 
However, with low gas concentra- 
tions, xylidine has an economic ad- 
vantage. 

Flow diagram of the process is 
presented in Fig. 20." The flue gas 
is first thoroughly cleaned and 
cooled, then contacted with anhy- 
drous dimethylaniline in the lower 
portion of the absorbing tower. 

Gas from this section of the ab- 
sorber, containing dimethylaniline 
vapor and a small percentage of 
SO., next passes through several 
trays where it is contacted with a 
dilute soda solution. Sulfur dioxide 
is absorbed by the soda, converting 
it to Na.SO, or NaHSO,, which is 


used in a subsequent stage in the 
process. 

The gas, now essentially SO.-free 
but still containing vaporized di- 
methylaniline, is finally contacted 
with dilute H.SO, in the upper por- 
tion of the absorbing tower. This 
effectively removes dimethylaniline 
as a sulfate; the cleaned gas escapes 
to the atmosphere. 

Rich dimethylaniline solution 
from the bottom of the absorber is 
warmed by indirect heat exchange 
with hot, lean dimethylaniline, and 
is then fed near the top of the 
stripping column. Here, it is 
stripped of its SO, content. Result- 
ing hot lean dimethylaniline (with 
condensed steam) is passed through 
the exchanger, cooled further, and 
pumped to a separator from which 
lean dimethylaniline is withdrawn 
as liquid feed to the absorber. 

Some of the heat and stripping 
vapor for SO. removal is provided 
by another stripping operation in 
the lower section of the same col- 
umn. Feed to the lower section of 
the stripper is a mixture of di- 
methylaniline sulfate solution from 
the top section of the absorber, 
Na.SO, (or NaHSO,) solution from 
the central section of the absorber, 
and water separated from the lean 
dimethylaniline stream. 

Dimethylaniline sulfate and the 
Na.SO, react to Na.SO,, which 
remains in the water discharged 
from the stripper, and dimethylani- 
line sulfite, which dissociates into 
dimethylaniline and SO.. Both of 
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these are carried by the steam into 
the dimethylaniline stripper section. 
Sulfur dioxide liberated in the 


Chemical Costs for 20-Ton/Day SO. Plant—Table Ill 


SO, Concentration in Feed Gas 


stripping column is passed through rf 0.5% 1.0% 2.0% 5.0% 8.0% 
a rectifier section, contacted with Dimethylaniline...... $3.90 $1.95 $0.97 $0.39 $0.24 
water to absorb dimethylaniline va- $7.20 $3.56 $1.27, $0.71 $0.44 


pors (as dimethylaniline sulfite), 
then cooled and washed with a 
stream of fresh water to completely 
eliminate dimethylaniline. Cold, 
purified SO, is finally dried by 
countercurrent washing with 98% 
H.SO,, compressed, and condensed 
to product liquid SO.. 

As the concentration of SO, in 
the feed gas decreases, the cost of 
treatment increases. Increased cost 
is principally due to: higher solu- 
tion rate required as a result of de- 
creased SO, solubility at low partial 
pressures; greater quantity of sol- 
vent vaporized; and increased rate 
of oxidation of SO.. 

On the basis of equilibrium sol- 
ubility alone, xylidine has a com- 
petitive advantage over dimethyl- 
aniline at SO, concentrations below 
3.5%. Because of other factors, 
however, dimethylaniline remains 
competitive for gas streams ap- 
proaching 2.0% SO.." 

Quantity of dimethylaniline va- 
porized is in direct proportion to 
the gas rate (and therefore in- 
versely proportional to the SO, con- 
centration). Costs for H.SO, and 
Na.CO, used in recovery of di- 
methylaniline therefore increase 
linearly with decreasing SO, con- 
centration. Because the solubility 
curve for SO, in dimethylaniline is 


approximately linear with partial 
pressure, the required liquid rate 
is also inversely proportional to the 
SO, concentration in the gas; unre- 
coverable dimethylaniline losses 
also follow approximately the same 
ratio. On this basis, chemical cost 
variations with SO. concentration 
are shown in Table III. 


Absorption by Ammonia 


Many processes based upon ab- 
sorption of SO, by aqueous solu- 
tions of NH, have been proposed 
and several developed to commercial 
or advanced pilot plant operations. 
These processes differ primarily in 
the method of removing the SO, 
from the NH,-containing solution. 
Techniques include steam or inert 
gas stripping, oxidation to sulfate, 
reduction to elemental sulfur, and 
replacement by a stronger acid. 


Cominco SO, Recovery Process 
—tThis process is based on absorp- 
tion of SO, in an aqueous solution 
of (NH,).SO,, and liberation of ab- 
sorbed SO, by addition of H.SO, to 
the solution, forming (NH,).SO, as 


a byproduct. A flowsheet of the 
process is shown in Fig. 21. 


Fulham-Simon-Carves Process— 
Although this process has not been 
applied commercially, it has been 
studied quite extensively on a pilot 
plant scale. Its principal advantage 
over most SO, absorption systems is 
that the oxidation of SO, to form 
sulfates, which invariably occurs, is 
not deleterious and, in fact, (NH,). 
SO, is the primary product. 

Sulfur dioxide is absorbed in a 
solution of ammonia and water, and 
the resulting liquid is subjected to 
a high temperature (360 F.) and 
pressure (200 psi.). Auto-oxidation 
occurs with the formation of 
(NH,).SO, and sulfur, which are 
separated and sold as byproducts. 
Because some of the SO, is con- 
verted to sulfur (instead of sul- 
fate), the NH, consumption is not 
as high as in the Cominco Process. 


Dilute Aqueous Salt Solutions 


Battersea Process—This process 
uses a very dilute aqueous solution 
of alkaline salts to remove SO, by 


Asarco process for recovering SO represents an improvement over the Sulphidine process 
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Battersea process wrings SO> from exhaust gases 
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absorption and oxidation. In the 
two installations employing this 
process, advantage is taken of the 
natural alkali content of the 
Thames River in London, a small 
amount of additional alkali as chalk 
slurry is added. This process is 
the only one in commercial use for 
removing SO, from  power-plant 
stack gases. 

In its original form at the Batter- 
sea Station in London, gas from 
the boilers passed through a long 
(475 ft.), horizontal chamber con- 
taining steel grids which, by their 
rusting, provided iron salts to cat- 
alyze the oxidation. Thames River 
water was passed down through the 
scrubber elements in crossflow rela- 
tion to the gas stream. Gas leaving 
the horizontal chamber flowed 
downward in a co-current water 
wash column and finally upward 
countercurrent to water in the 
main absorber columns packed with 
wood grids. Height of packing was 
40 ft. in the 160-ft.-high towers. 

Water was sprayed into the col- 
umns two-thirds of the way up, and 
a dilute suspension of finely divided 
chalk was added at the top to pro- 
vide final cleanup.” 

After World War II, the Batter- 
sea plant was modified to eliminate 
the long, horizontal contact cham- 
ber and to use more efficient coun- 
tercurrent vertical scrubbers. 

As shown in the flow diagram 
(Fig. 22), chalk is added to the 
entire water wash stream that’s fed 
to the top of the scrubbers.” An 
oxidation catalyst (crude MnSO,) 
is added to the solution leaving the 
base of the scrubbers. Oxidation is 
desired at this point to make the 
waste solution more suitable for 
river disposal. 


Cyclic Lime Process—In this 
process, flue gas is washed with a 
slurry of CaSO, in water, kept 
akaline by adding lime or chalk 
that reacts with the SO, as it is 
absorbed. The process was devel- 
oped in England and used commer- 
cially in two power plants prior to 
World War 

This process is based on the ab- 
sorption of SO, in an aqueous so- 
lution containing Ca(OH). (or 
CaCO,). Calcium sulfite is first 
formed and then oxidized quite rap- 
idly, when in solution, by oxygen 
that is absorbed from the flue gas 
with the formation of CaSO,. Both 
CaSO, and CaSO, are sparingly 
soluble in water, and these mate- 
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rials precipate to form a sludge 
that is a waste product. 

Although it does not produce a 
salable byproduct, the Cyclic Lime 
process is reportedly more econom- 
ical for low-level power-plant ex- 
haust gases than either the Fulham- 
Simon-Carves process or the Zinc 
Oxide process, described below.” 


Zine Oxide Process—This proc- 
ess is illustrated in Fig. 23.” Flue 
gases are contacted with a solution 
of Na.SO, and NaHSO,; the SO. 
is absorbed to cause an increase in 
bisulfite content. Solution is next 
passed to a clarifier, where particu- 
late matter removed from the gas 
stream is separated, and finally to 
a mixer where it is treated with 
ZnO. At this point, the original 
ratio of sulfite to bisulfite is re- 
stored, and ZnSO, is precipitated. 

After agitation to promote crys- 
tal growth, the precipitate is re- 
moved by settling and filtration, 
and the filter cake is dried and cal- 
cined. Calcination of the ZnSO, 
gives a gas containing 70% water 
and 30% SO. The gas is cooled, 
dried and compressed to produce a 
nearly pure, liquid SO. product. 
Zine oxide obtained in the calciner 
is recycled to the process. 

As in most processes for recover- 
ing SO, from flue gas, oxidation of 
SO, to sulfate introduces a compli- 
cation. In this case, the sulfate is 
removed as CaSO,, formed in the 
following manner: Lime is added to 
a clarified side stream of the solu- 
tion, precipitating insoluble CaSO, 
and forming a slurry that is added 
to the main solution stream leaving 
the gas washer. 

Resulting thin slurry is passed 
to a clarifier where both the CaSO, 
and any fly ash are removed as a 
slurry. This slurry is acidified by 
contacting it with a portion of the 
product SO,. Acidification con- 
verts the CaSO, to the more soluble 
bisulfite form, and reacts dissolved 
calcium ions with any sulfate 
present in the solution to form 
CaSO, which is relatively insoluble 
under these conditions. 

Precipitated CaSO, and undis- 
solved ash are removed together in a 
small filter. Resulting desulfated so- 
lution containing dissolved CaHSO, 
is then treated with lime to form a 
CaSO, slurry. This is recycled to 
the process. 


Basic Al,(SO,), Process — An- 
other process is based upon absorp- 


tion of SO, in an aluminum hydrox- 
ide-sulfate solution and regenera- 
tion of the absorbent by heating.” 

Absorption solution is prepared 
by treating an (NH,).SO, solution 
with limestone in a mixer, and sep- 
arating the precipitated gypsum. 
A total of 9 to 10 g./liter of 
Al(OH), is present in the solution, 
60% combined as sulfate. 

Three or four absorption towers 
are used to reduce the SO, content 
from 5% to 0.2%. Solution passes 
through the towers in a counter- 
current direction with cooling be- 
tween each stage to remove the 
heat of absorption. 

Solution is regenerated in a strip- 
ping column equipped with steam- 
heated reboilers. Sulfur dioxide 
evolved is cooled and dried, and the 
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solution is recycled through a heat 
exchanger and coolers to the ab- 
sorption system. 

Approximately 1 to 1.5% of the 
SO, absorbed from a 5% gas is 
oxidized to sulfate in the solution, 
thus lowering its capacity. The sul- 
fate is removed by treating a side 
stream of the lean solution with 
limestone to precipitate CaS0O,, 
which is removed by filtration. 

Phosphoric acid is added to the 
solution to inhibit crystallization 
of Al,0,°3S0,°3.5H.0O, and methy- 
lene blue is added to inhibit oxida- 
tion. In addition to these treat- 
ments, it is necessary occasionally 
to precipitate sulfite from a portion 
of the solution with CuSO, to pre- 
vent precipitation of elemental 
sulfur. 


6—Liquid Oxidation Changes 


Llydrogen Sulfide to Sulfur 


Several different processes using oxidants or catalysts in liquid 


media can convert gaseous H.S to elemental sulfur. 


Disadvantages inherent in dry 
purification processes, used exten- 
sively for many years, caused a 
search for more efficient methods 
for H.S removal from industrial 
gases. The objectives of this work 
were to reduce the large ground- 
space requirements and high labor 
costs of dry box purification plants, 
and to increase the value of the 
sulfur produced. Quite naturally, 
the technology turned to purifica- 
tion methods employing liquids in 
regenerative cycles capable of yield- 
ing pure elemental sulfur. 

One important goal was the de- 
velopment of processes that would 
utilize sulfur contained in coal 
gases to absorb NH, and produce 
(NH,). SO, Such a process would 
eliminate the need to purchase 
H.SO, for NH; removal, and would 
thus result in an appreciable im- 
provement of the economics of coal- 
gas purification. 
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Oxidation of H.S to elemental 
sulfur in processes of this type is 
achieved with oxidants or catalysts 
dissolved or suspended in liquid 
media. Compounds used as oxidants 
and catalysts include: iron oxide, 
thioarsenates, iron cyanide com- 
plexes, organic catalyst, potassium 
permanganate and sodium or potas- 
sium dichromate. All of these 
agents are used in regenerative 
systems except permanganate and 
dichromate solutions. 


Iron Oxide Suspensions 


Chemistry of iron oxide processes 
is based on the reaction of H,S 
with an alkaline compound—either 
Na.CO, or NH,—followed by the 
reaction of the hydrosulfide with 
Fe.O, to give iron sulfide. Aera- 
tion converts the sulfide to ele- 
mental sulfur and Fe,0,. 

Names of processes using iron 
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oxide suspended in aqueous alka- 
line solutions include: Burkheiser,” 
Ferrox,” Gluud,” and Manchester.” 
Since the Ferrox and Manchester 
processes are still of considerable 
commercial importance, they will 
be used to illustrate the general 
process. 


The Ferrox Process—A _ sche- 
matic flow diagram of the Ferrox 
process is shown in Fig. 24. The 
solution—normally containing 3% 
Na,CO, and 0.5% Fe(OH) ,— coun- 
tercurrently contacts feed gas in 
the absorber, which is equipped 
with sprays and wooden baffles. 
Solution containing H.S flows from 
the bottom of the absorber to the 
thionizer (regenerator), where ele- 
mental sulfur is formed by contact 
of solution with air. 

Sulfur accumulates on the liquid 
surface as a froth, enters a slurry 
tank, and is pumped to a filter to 
remove excess liquid. Regenerated 
solution from the thionizer is 
pumped through a heater to the ab- 
sorber, completing the cycle. 

Liquid from the filter is usually 
discarded, thus purging undesirable 
salts from the system. The solids 
from the filter contain about 
30-50% sulfur, 50% moisture and 
19-20% salts, mostly Fe(OH), and 
Na.CO,. In the U. S. there is no 
market for the sulfur obtained 
from a Ferrox plant. 

A unique modification of the Fer- 
rox process has been described by 
Gard™ of Union Oil Co. of Calif. 
The Union Oil process removes 90% 
of the H.S from natural gas, con- 
taining about 35 grains H,S/100 
scf., and 15% of the CO.. The CO, 
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is extracted in a subsequent step 
and finally converted to dry ice. 
Final purification of CO, also in- 
volves H.S removal by the Ferrox 
process. 

Natural gas is contacted with 
solution in absorbers, which contain 
the liquid as a continuous phase. 
Carbon dioxide purification is car- 
ried out in a two-stage absorber; 
both stages are in the same vessel. 
Spent solution from CO, purifica- 
tion is combined with spent solu- 
tion from the main Ferrox plant 
and regenerated in a common thi- 
onizer, 


The Manchester Process—A 
modification of the Ferrox process 
was developed in England by the 
Manchester Corp. Gas Dept. This 
process is presently used in eight 
installations. Seven of these— 
representing a total daily capacity 
of 35 million scf. are installed in 
British gas works. In the eighth in- 
stallation, 250 ppm. of H.S is re- 
moved from the exhaust air in a 
viscose film plant. In this installa- 
tion—which has a capacity of more 
than 80 million scf./day—the H.S 
content is reduced to approximately 
5 

Principal difference between the 
Manchester and Ferrox processes 
is the use of multistage treatment 
with fresh solution fed to each 
washing stage in the Manchester 
process, whereas a single contact is 
normally used in the Ferrox proc- 
ess. To insure completion of the 
reaction between H.S and Fe.O,, the 


Thylox process converts H2S to elemental sulfur 


Manchester process provides for a 
separate delay vessel between the 
absorbers and the regenerators. 

Regenerators are tall vessels per- 
mitting long contact-times between 
the solution and the air. The ele- 
mental sulfur—collected as a froth 
from the top of the regenerators— 
is finally recovered in 90-95% pure 
form, the contaminants being pri- 
marily Fe.,0,, Na.CO,, some thio- 
sulfate and water. 


Thioarsenate Solutions 


The Thylox Process—This proc- 
ess” has been commercialized by the 
Koppers Co. The process has found 
wide application in the purification 
of all types of industrial gases, es- 
pecially coal gases. In the U.S.— 
where manufactured gas has been 
largely replaced by natural gas— 
the process is being used primarily 
for the treatment of coke-oven gas 
in steel plants. Although Thylox 
plants were built some years ago 
for purifying natural and refinery 
gases, these applications have prac- 
tically disappeared. In countries 
where natural gas is not commonly 
used, the Thylox process is still 
quite popular, and many plants are 
in operation treating gas volumes 
from 1-45 million scf./day. 

A neutral or slightly-alkaline so- 
lution containing sodium or am- 
monium thioarsenate as the active 
agent is used in the Thylox process. 
Hydrogen sulfide is converted to 
elemental sulfur of sufficiently high 
purity to be usable in agriculture. 
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Since the sulfur contains less than 
0.5% arsenic, it can also be used as 
raw material for the manufacture 
of various chemicals. 

A basic flow diagram of the Thy- 
lox process is shown in Fig. 25. Gas 
is admitted to the bottom of the ab- 
sorber and washed countercurrently 
with solution entering at the top. 
Essentially all H.S and HCN are 
removed in this operation. The rich 
solution is pumped from the bottom 
of the absorber through a heater 
into the bottom of the thionizer, 
where it is regenerated by a co- 
current stream of air. Air not only 
releases sulfur, but also acts as a 
flotation agent for the sulfur, which 
collects at the solution surface as a 
froth. 

Sulfur sludge is filtered, and the 
sulfur cake is further processed for 
final product preparation. Sulfur 
can be recovered as a wet paste, a 
dry sulfur powder or as cast crude 
sulfur. Pure sulfur can be obtained 
by distillation of the crude product. 

The ‘modified Thylox process’ 
is non regenerative and recom- 
mended when gas of very high pur- 
ity is required and the quantities 
of H.S to be removed are quite 
small. 


Giammarco-Vetrocoke Process— 
A process using arsenic-containing 
aqueous solutions for the removal 
of H.S has been disclosed recently 
by Giammarco.” The active agents 
are alkali arsenite and arsenate, 


which are present in the solution as 
neutral or acid salts. 


In the absorption step of the 
process, H.S reacts with arsenite, 
forming thioarsenite, which sub- 
sequently reacts with arsenate to 
form monothioarsenate. This com- 
pound is decomposed to arsenite and 
elemental sulfur when the solution 
is acidified by treatment with CO, 
under pressure, expulsion of NH, 
(if ammonia-arsenic solutions are 
used), or by oxidation of arsenite 
to arsenate. Elemental sulfur is re- 
moved by filtration or flotation, and 
arsenite is reoxidized to arsenate. 
The regenerated solution is recycled 
to the absorption step. 

This process is stated to be 
different from the Thylox process 
because the monothioarsenate is 
stable in the presence of O, and 
high concentrations of CO.. This 
results in the total absence of un- 
desirable side reactions, even if 
solutions of high alkalinity are 
used. In addition, gases containing 
very large amounts of CO, can be 
treated without precipitation of 
As.S:;. 

The process is reportedly capable 
of producing a treated gas contain- 
ing less than 1 ppm. H.S. Solution 
composition may be adjusted so 
that H.S andCO, are removed sim- 
ultaneously, or H.S is absorbed se- 
lectively. 


Iron Cyanide Processes 


Several processes utilizing iron 
cyanide complexes as_ oxidation 
agents have been developed in 
Europe. All of these processes are 


Permanganate and Dichromate processes are nonregenerative 
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identical with respect to the basic 
chemistry involved in the absorp- 
tion-regeneration cycle. Trivalent 
iron is reduced to divalent iron in 
the absorption step, and the diva- 
lent iron is re-oxidized during re- 
generation. Hydrogen sulfide is 
oxidized to elemental sulfur, which 
is recovered in a manner similar to 
that in the Thylox process. 

The differences between the proc- 
esses lie in the type of iron cyanide 
complex used and the method of re- 
generation. In two processes—the 
Gesellschaft fiir Kohlentechnik and 
the Fischer” process—alkaline aque- 
ous solutions of K,Fe(CN), and 
K,Fe(CN), are used, and regenera- 
tion is carried out by contact with 
air and by electrolysis, respectively. 

The other two processes of this 
category —the Staatsmijnen-Otto” 
and the Auto-Purification process” 
—employ suspensions of complex 
ferric ferrocyanide compounds in 
alkaline (ammoniacal) solutions, 
which are regenerated by contact 
with air. 

The main advantages claimed for 
these processes are: complete re- 
moval of H.S and production of 
relatively pure sulfur. An addi- 
tional advantage may be the fact 
that HCN, which is present in most 
coal gases, is utilized in the proc- 
ess. In many cases, sufficient HCN 
can be obtained from the gas, and 
the chemical requirements then 
consist solely of the occasional ad- 
dition of iron sulfate. In spite of 
these advantages, iron cyanide 
processes have not been employed 
on a large industrial scale. 


The Perox Process 


Operation of this German proc- 
ess consists of absorption of H.S in 
an aqueous NH, solution containing 
0.3% of an organic oxidation cata- 
lyst (usually hydroquinone), fol- 
lowed by oxidation of NH,HS to 
elemental sulfur by contact with 
air. The process is being used suc- 
cessfully for the purification of 
coal gas. It is reported that three 
commercial units with a combined 
daily capacity of approximately 30 
million scf. were operating in Ger- 
many in 1956.” 

The flow scheme used in the proc- 
ess is quite simple and similar to 
that of other oxidation processes. 
The crude gas—which contains H.,S, 
HCN and NH,—is first passed 
through a cooler where the temper- 
ature and NH, content are adjusted 
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by direct contact with H,O. The gas 
is then washed countercurrently in 
the contactor with the Perox solu- 
tion to remove most all of the H.S 
and HCN and a portion of the NH,. 
Spent solution is regenerated in 
the oxidizer by contact with com- 
pressed air, and returned to the 
contactor. Elemental sulfur, which 
separates as a froth at the top of 
the oxidizer, is filtered off and the 
filtrate is returned to process. 


Permanganate and Dichromate 


Buffered aqueous solutions of 
KMn0O, and Na,Cr.0, or K,Cr,0; are 


used to completely remove traces of 
H.S from industrial gases. Proc- 
esses employing such solutions are 
nonregenerative and, because of 
the high cost of the chemicals used, 
are only economical when very small 
amounts of H.S are present in the 
gas. Permanganate solutions are 
used quite extensively for the final 
purification of CO, in the manufac- 
ture of dry ice. 

A schematic flow diagram of the 
process is shown in Fig. 26. Gas 
is contacted with the solution in 
two packed towers operating in 
series. The solution, which in the 
case of the permanganate process 


(—Removal of Basic 


Nitrogen Compounds 


To remove NH; and other basic nitrogen compounds from gas 
streams, use water absorption, acid treatment or both. 


Nitrogen compounds occur in 
most gases from carbonization or 
cracking operations—typically, coal 
carbonization and cracking of pe- 
troleum or shale oil. By far the 
preponderant nitrogen-containing 
compound present in such gas 
streams is NH, and its removal is 
considered a necessity in practically 
all cases. 

In addition to NH,, pyridine and 
its homologues, usually referred to 
as “pyridine bases,” and certain 
acidic nitrogenous compounds are 
also present in carbonization and 
cracked gases. 

Processes for removal of basic 
nitrogen compounds, either by dis- 
solving in water or by reacting with 
strong acids, or a combination of 
both are discussed in this section. 
Processes for removing acidic nitro- 
gen compounds such as HCN and 
oxides of nitrogen are covered else- 
where. 

However, if certain acidic com- 
ponents are present in the gas, 
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it is inevitable that a portion of 
them will be removed by processes 
using water as the absorbing 
medium. 


Typical Concentrations of Nitrogen 
Compounds in Coal Gas—Table IV 


Volume % 


During the carbonization or gasi- 
fication of coal and other carbon- 
aceous fuels, a portion of the nitro- 
genous material contained in the 
fuel is converted to volatile com- 
pounds that appear in the gaseous 
carbonization product. Principal 
nitrogen compounds identified in 
such gases are: NH,, cyanogen, 
HCN, pyridine and its homologues, 
NO, and free nitrogen. 

Typical concentrations of nitro- 


contains about 4% KMn0O, and 1% 
Na.CO,, is circulated until 75% of 
the permanganate in either tower 
is converted to MnO.. 

At that point, the spent solution 
is discarded and fresh solution is 
pumped into the tower. This can be 
done without interruption of the 
gas flow if sufficient active per- 
manganate is available in each con- 
tact stage to insure H.S removal. 

Dichromate solutions usually con- 
tain 5-10% of K.Cr.0,, ZnSO, and 
Na.B,O;. In addition to H,S, traces 
of organic compounds, such as 
amines, are also quantitatively re- 
moved in these processes. 


gen compounds in coal gases are 
shown in Table IV. 


Removal of Ammonia 


Separation of NH, from coal 
carbonization gases is by far the 
most important industrial applica- 
tion of NH, removal processes. 
However, basic principles underly- 
ing processes used for coal-gas puri- 
fication are directly applicable to 
NH, removal from other’ gas 
streams, such as refinery gases and 
gases produced in shale retorting. 

Practically all processes in com- 
mercial use are based on washing 
the gas stream either with water or 
with a strong acid, and removing 
the NH, either in the form of aque- 
ous solutions of NH,OH and am- 
monium salts of acidic constituents 
also present in the gas, or as the 
salt of the acid used as the absor- 
bent. 

Coal gases contain varying 
amounts of volatile acidic com- 
pounds, such as HCl, H.S, HCN, 
CO. and organic acids, that com- 
bine with NH, during cooling of the 
gas. Because of the solubility of the 
resulting salts in water, they are 
partially removed in processes us- 
ing water as the absorbent. 

Ammonium salts of strong acids 
(principally NH,Cl) are usually re- 
fered to as “fixed salts” while eas- 
ily dissociable salts of weak acids, 
such as carbonates, bicarbonates, 
sulfides, hydrosulfides and others 
are known as “free” salts. 

The three most commonly used 
commercial methods for removing 
NH, from coal gases are the indi- 
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rect, the direct and the semidirect 
processes. Several modifications of 
the basic processes and a few other 
methods, unrelated to these proc- 
esses, have been proposed. How- 
ever, only the three above processes 
are practiced on a large industrial 
scale. 

In all three processes, the hot 
crude gas leaving the retorts or 
coke ovens is precooled by direct 
contact with a large amount of a 
mixture of cool] tar and weakly am- 
moniacal aqueous solution sprayed 
directly into the collecting main. 
During this operation the gases are 
cooled to about 75-100 C., and most 
of the fixed ammonium salts (typi- 
cally about 30% of the NH, origi- 
nally present in the gas) as well as 
a major quantity of the tar are 
removed. 

Liquid known as the “flushing 
liquor,” is recycled to the collecting 
main after decanting most of the 
tar. A portion of the flushing liquor 
is continuously withdrawn from the 
cycle and combined with other liq- 
uid streams containing relatively 
low concentrations of NH,;—the so- 
called “weak ammoniacal liquor’— 
and further processed for recovery 
of NHs. 
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Liquid removed from the cycle is 
replaced by condensate from direct 
or indirect coolers through which 
the precooled gas passes after leav- 
ing the collecting main. From this 
point on, the three processes take 
different routes. 


The Indirect Process — This 
process is shown in Fig. 27. The 
gas, which is saturated with water 
vapor after partial cooling by di- 
rect contact with flushing liquor, 
then passes through the primary 
coolers where the temperature is 
lowered to about 30 C. 

Two kinds of primary coolers are 
used, the indirect type shown in 
Fig. 27 and the direct type. Indirect 
coolers, which are more commonly 
used, are shell-and-tube heat ex- 
changers with the water flowing 
through the tubes. Direct coolers 
are packed towers, usually filled 
with wood hurdles, where gas is 
cooled by direct contact with a 
countercurrent stream of a weakly 
ammoniacal solution. The hot solu- 
tion leaving the bottom of each 
tower passes through water-cooled 
coils and is recycled to the top of 
the towers. A portion of the circu- 
lating liquid is continuously with- 


drawn and added to the flushing 
liquor cycle. 

Condensate from the indirect 
coolers, containing about 40% of 
the NH, originally present in the 
coal gas (mostly as free salts) and 
some light tar, is collected in a de- 
cant tank. Tar is separated and the 
aqueous phase is added to the cir- 
culating flushing liquor. 

Cooled gas flows to an exhauster 
and is pumped to the NH, scrubbers 
where it is washed in several 
countercurrent stages, operating in 
series, first with weak NH, solution 
and finally with water. Electrostatic 
precipitators are usually installed 
ahead of the NH, scrubbers to re- 
move tar mist entrained in the gas. 

Essentially ammonia-free gas 
leaving the last NH, scrubber 
passes to the light-oil recovery and 
desulfurization sections of the gas 
purification system. The minute 
amount of NH, remaining in gas 
from the scrubbers is removed in 
the iron oxide boxes as various 
ammonium salts. This NH, aids in 
maintaining the proper pH of the 
iron oxide; in some cases, incom- 
plete NH, removal is_ practiced 
deliberately to obtain maximum 
efficiency of the dry-box purifiers. 
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Semidirect process removes NH3 from coke-oven gas; can yield many byproducts 


Circulating tank 


Although packed towers are com- 
monly used as NH, scrubbers in 
the U. S., any type of device, co- 
current or countercurrent, static or 
dynamic, that insures efficient con- 
tact between gas and liquid is satis- 
factory. 

Effluent weak liquor from the 
bottom of the first NH, scrubber 
is collected, together with a portion 
of the flushing liquor, in a storage 
tank that serves as a feed reservoir 
for an NH, distillation column. 
Typical weak liquors obtained from 
the treatment of coke-oven gas con- 
tain approximately 10 g./liter of 
free, and 6 g./liter of fixed am- 
monium salts. 

Weak liquor is pumped from the 
storage tank to the top of an NH, 
distillation column—usually a bub- 
ble plate tower—heated at the bot- 
tom by direct steam. Weakly acidic 
ammonium salts are dissociated in 
the so-called “free still,’’ while the 
fixed ammonium salts are decom- 
posed, after addition of a slurry of 
lime, in the “fixed still.” Free and 
fixed stills may be located in the 
same vessel—the free still occupy- 
ing the upper section—and a sepa- 
rate vessel is used as the reservoir 
for the lime slurry. 

The two stills may also consist 
of two separate vessels arranged 
so that the bottom of the free still 
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is at the same elevation as the top 
of the fixed still. In this case the 
lime slurry reservoir is placed in 
the bottom section of the free still. 
This second type of construction is 
shown in Fig. 28. 

Overhead vapors from the col- 
umn, containing NH,, acid gases 
and water vapor, are either con- 
densed and processed to crude con- 
centrated ammoniacal liquor or 
passed through strong acid where 
the NH, is absorbed and converted 
to the ammonium §salt—usually 
(NH,).SO,. 

Pure concentrated ammoniacal 
liquor is obtained if the acid gases 
are separated from the NH, before 
condensation of the vapors. Sepa- 
ration is effected by conventional 
fractionation methods. 

Before contacting overhead va- 
pors with the acid, part of the water 
vapor is removed from the gas 
stream by condensation in a partial 
condenser. Acid absorption, essen- 
tially the same in all three methods, 
is described with the semidirect 
process, 

Practically ammonia-free water 
containing calcium salts leaves the 
bottom of the fixed still and is dis- 
carded. 

Principal advantages of the in- 
direct process are its flexibility to 
yield a variety of products, relative 
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lack of interdependence of the vari- 
ous process steps and complete re- 
moval of tar. 

Its main disadvantages are the 
necessity of handling very large 
volumes of liquid, attendant high 
steam consumption and_ conse- 
quently, high operating costs. In 
addition, capital investment is high 
and the ground space required is 
appreciably larger than that for 
the other two processes. Finally, 
some NH, is lost in the successive 
steps of the process and in storage. 

Direct Process — This process 
eliminates the necessity of recover- 
ing NH, from aqueous solutions 
before conversion to (NH,).SO,. 

Hot gas leaving the retorts or 
coke ovens is kept at a temperature 
above its water dew point and 
passed directly through concen- 
trated H.SO, During NH, absorp- 
tion, an appreciable portion of the 
tar is also removed from the gas, 
resulting not only in serious con- 
tamination of the (NH.).SO, but 
also in acid degradation and con- 
tamination of the tar. In addition, 
NH.,Cl present in the gas is decom- 
posed by the concentrated H.SO,, 
and HCl evolved causes extremely 
severe corrosion of the equipment. 

Some of the difficulties of the 
process are alleviated by installing 
very elaborate tar separation sys- 
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tems; others, however, are almost 
unsurmountable, and as a_ result, 
the process has only been used in 
a few installations. 


Semidirect Process—This proc- 
ess is a combination of the direct 
and indirect processes. A_ sche- 
matic flow diagram is shown in 
Fig. 28. 

Precooled gas coming from the 
collecting main is cooled further 
to about 30 C. in the same manner 
as in the indirect process. 

Condensate from the primary 
coolers, essentially of the same 
composition as that obtained in the 
indirect process, is freed of tar, 
returned to the  flushing-liquor 
cycle and eventually collected as 
weak ammoniacal liquor. This rela- 
tively small quantity of liquid is 
‘distilled in an NH, column, and the 
overhead vapors are either con- 
densed and treated as in the in- 
direct process or recombined with 
the main gas stream at a point 
located ahead of the acid scrubber. 

Effluent gas from the primary 
cooler flows to an exhauster that 
pumps it through an electrostatic 
tar precipitator to a reheater; here, 
its temperature is raised above its 
dew point, usually 60 C. 

Reheated gas—which may con- 
tain the overhead vapors from the 
NH, still—flows to the “saturator” 
where the NH, is removed by reac- 
tion with a strong acid—in most 
cases H.SO,. The ammonia-free gas, 
still containing most of the weakly 
acidic gases originally present, 
passes to the light-oil recovery and 
desulfurization operations. 

Saturators are usually lined with 
lead or stainless steel, although 
other materials such as Monel or 
acid-resistant refractories are also 
used. 

Concentrations of approximately 
5-7% free acid are maintained in 
the saturator liquid by continuous 
addition of 60° Bé. (77.6%) H.SO,. 
Periodically, usually every 24 hours, 
the liquid level in the saturator is 
raised and the free acid content in- 
creased to 10-12%. This is done to 
dissolve crystals of (NH,).SO, that 
accumulate on the vessel walls and 
in the distributor pipes. 

Salt crystals formed are continu- 
ously removed from the bottom of 
the saturator by a compressed-air 
ejector. Liquid adhering to the 
crystals is first removed in a set- 
tling tank, then in a centrifuge, and 
recycled to the saturator. 
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In the semidirect process, the gas 
enters the saturator at 50-60 C. 
Heat liberated by the reaction is 
sufficient to maintain the saturator 
bath temperature at approximately 
60 C. 

Since the gas entering the satura- 
tor is unsaturated with respect to 
water vapor, a considerable amount 
ef water is evaporated from the 
aqueous acid solution. The satura- 
tor functions, in effect, as an evapo- 
rator. Much higher temperatures— 
about 100 C—are required in in- 
direct-process saturators because 
the effluent gases from the NH, still 
are saturated with water at 75-80 C. 

Diammonium phosphate is ob- 
tained by using furnace H,PO, in 
conventional saturators. However, 
temperature control is more critical 
and Monel is not suitable as a con- 
struction material. Production of 
a number of other ammonium salts 
such as the nitrate, bicarbonate, 
monophosphate and others has been 
proposed, but none of these salts 
are being manufactured on a large 
commercial scale. 

Main advantage of the semidirect 
over the indirect process is that 
less than half the volume of aqueous 
NH, solution is produced and, there- 
fore, steam requirements for NH, 
distillation and operating costs are 
appreciably lower. In addition, the 
process has some flexibility because 
part of the NH, is convertible to 


products other than ammonium 
salts of strong acids. 
Furthermore, first cost and 


ground space requirements are less 
than for installations using the in- 
direct process. And finally, smaller 
NH, losses are incurred. 

Among the three major processes, 
the semidirect method seems to be 
most advantageous, both from the 
standpoint of economics and from 
freedom of operational difficulties. 

Ammoniacal liquors produced in 
the indirect and semidirect proc- 
esses contain, among other acidic 
constituents, varying amounts of 
tar acids. These acids are a mix- 
ture of phenolic compounds of com- 
position dependent on the gasifica- 
tion process used. For example, 
liquors from coke-oven gases con- 
tain primarily mono-phenol and 
only small quantities of higher- 
molecular-weight phenolic com- 
pounds. 

In some cases, recovery of tar 
acids from the ammoniacal liquors 
is economical. Processes most com- 
monly used employ solvent extrac- 
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tion of the phenolic compounds with 
benzene or a phenol-free tar oil 
fraction. Solvent is usually removed 
by distillation and recovered as the 
overhead, while the tar acids re- 
main as the residue. 

Another method involves neu- 
tralization of the rich solvent with 
aqueous NaOH, followed by separa- 
tion of the solvent layer from the 
aqueous sodium phenolate layer. 
Tar acids are subsequently recov- 
ered from the aqueous phase by 
adding H.SO,. 

Typically, the extraction is car- 
ried out by countercurrently con- 
tacting the ammoniacal liquor with 
the solvent in a packed tower at 
60 C., with the solvent entering at 
the bottom of the tower. About 80 
to 95% of the phenol and some of 
the higher tar acids are normally 
extracted from the liquor. 


Miscellaneous Processes— 
Among the many other methods 
proposed for removal of NH, from 
gases, absorption of NH, in water 
at elevated pressures, condensation 
by refrigeration, and simultaneous 
absorption of NH,, H.S and HCN 
in spent pickle liquor appear worth- 
while mentioning. 

One process” consists of washing 
tar-free coal gas at pressures from 
100-200 atm. by injection of water. 
Ammonia is collected as a concen- 
trated solution of (NH,) HCO, and 
(NH,).S. Solid salts are recovered 
from the solution after cooling, and 
the mother liquor is reused. 

Another process,” developed in 
Germany, operates at 4 atm. and 
about 140 C. Dilute NH, solution 
is injected into the gas stream, and 
the NH, is recovered as a 10% 
liquor. Naphthalene is removed as 
a liquid by subsequent cooling of 
the gas to about 50 C. The last 
traces of NH, are eliminated by 
absorbing in water at 15 C. 

Ammonia removal by refrigera- 
tion of the gas—using absorption 
refrigeration—has been proposed.” 
When typical coal gas is cooled to 
—10 to 0 C., an aqueous solution 


containing 20 to 30% (NH,).CO, 
is obtained. However, to avoid 


forming solids, the (NH,).CO, con- 
centration is usually kept at 6%. 

A third process uses waste pickle 
liquor for simultaneous removal of 
NH,, H.S and HCN from coke-oven 
gas.“ This process, involving a 


rather complicated flow scheme, is 
known as the F-S process. 
Coke-oven gas is first contacted 
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in a countercurrent six-stage tower 
with weakly acidic FeSO, solution. 
Ammonia reacts in the upper sec- 
tion of the tower with free acid 
and FeSO,, forming (NH,).SO, and 
Fe(OH),.. Some of the Fe(OH), is 
removed from the solution by filter- 
ing a side stream withdrawn from 
the bottom of the second upper 
stage. The clear liquid is subse- 
quently returned to the same stage. 

In the lower portion of the tower, 
remaining Fe(OH), reacts with 
H.S and HCN, forming insoluble 
FeS and ammonium ferrocyanide 
complexes, 

Solids are separated from the 
solution leaving the bottom of the 
absorption tower, and a portion of 
the liquid is recycled to the middle 
of the tower. Remainder of the 
solution, containing the equivalent 
of NH, present in the inlet gas, is 
treated with H,S to precipitate dis- 
solved iron, filtered and freed of 
H.S by contact with a small stream 
of purified coke-oven gas. Purified 
solution is then evaporated and 
(NH,).SO, crystals are recovered. 

Solid sludge is treated with waste 
pickle liquor, liberating H.S and 
forming FeSO, solution. The H.S 
is converted to H,SO, or elemental 
sulfur, and the solution is recycled 
to the top of the absorption tower, 
usually after adjustment of pH. 

Undissolved ammonium ferro- 
cyanide complexes and Fe(OH),, 
obtained previously in the process, 
are returned to the blast furnaces. 
Advantages claimed for the process 
are simultaneous removal of NH,, 
H.S and HCN, and use of pickle 
liquor, which is normally wasted, 
for manufacturing salable products. 
Drawbacks of the process are its 
complexity and the necessity for 
using special materials of construc- 
tion because of the corrosive nature 
of the solution. 


Removal of Pyridine Bases 


The term “pyridine bases” refers 
to a rather complex mixture of 
nitrogen-containing heterocyclic 
compounds formed during carboni- 
zation and cracking of carbonaceous 
fuels. Composition and concentra- 
tion of bases in the gaseous prod- 
ucts from such operations depends 
largely on the fuel used and the 
operating conditions. 

An appreciable portion of the 
pyridine bases (consisting mainly 
of high-boiling constituents) pres- 
ent in coal gas condenses with the 
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tar during precooling of the gas 
by contact with flushing liquor. 
Lighter compounds, primarily py- 
ridine and its homologues, remain 
in the gas and are recovered either 
in the NH, or light-oil removal 
operations. 

In the indirect process for NH; 
recovery, practically all of the pyri- 
dine bases are removed from the 
gas in the NH, scrubbers. 

Relatively complete removal of 
bases can be obtained in the satu- 
rator of the semidirect process if 
proper operating conditions are 
maintained. Pyridine bases re- 
maining in the gas after the NH, 
scrubbers or the saturator are 
washed out in the light-oil recovery 
section of the gas purification sys- 
ter 


Description of Processes—The 
first industrial process for recover- 
ing pyridine bases from coal 
gases was developed by Dodge and 
Rhodes.” 

In this process, applicable to both 
the indirect and semidirect NH,- 
recovery process, pyridine bases are 
absorbed simultaneously with the 
NH, in the saturator until pyridine 
sulfate crystallizes with (NH,).SO,. 

Saturator liquor is then trans- 
ferred to a lead-lined still and neu- 
tralized with NH, obtained from 
the overhead of the NH, distillation 
column. Pyridine bases and some 
water are vaporized by the heat 
evolved during neutralization, and 
are subsequently condensed. 

After adding 1 lb. of (NH,).SO, 
per gal. of condensate, the liquid 
separates into two phases, the upper 
consisting of almost-dry pyridine 
bases. 

Ammonium sulfate solution re- 
maining in the still is returned to 
the saturator after removal of iron 
sulfide and other insoluble mate- 
rials by filtration. 

This process was not generally 
accepted, mainly because batch- 
type operation requires a standby 
saturator. 

A continuous process based on 
the above method was developed by 
Wald.” In this process, the pyri- 
dine content of the saturator liquor 
is maintained at a constant value 
of 10 g./liter by continuous removal 
of a sidestream of 4 to 5 gpm. This 
liquor is neutralized with NH, in a 
cooled tank, whereupon it separates 
into two layers, one consisting of 
crude pyridine bases and the other 
of (NH,).SO, solution, which is 


continuously recycled to the satura- 
tor. 

Because of the low pyridine con- 
centration maintained in the satu- 
rator liquor, removal of bases from 
the gas, achieved in this process, is 
almost complete. 

In the Schutt semicontinuous 
process (shown in Fig. 29.), liquor 
is removed intermittently from the 
saturator and transferred to a small 
lead-lined tank. From the tank, it 
is pumped continuously at the rate 
of 1.5 gpm. to a neutralizing still. 
Overhead vapors from the NH, dis- 
tillation column are introduced at 
the bottom of the neutralizing still 
and the pyridine bases are steam 
distilled. 

Flow of NH; is controlled at such 
a rate that effluent from the bottom 
of the neutralizing still is main- 
tained at a pH of 6-7. Close pH 
control is critical because iron sul- 
fide precipitates if the liquid is too 
alkaline, and because removal of 
pyridine bases is incomplete if the 
solution is too acid. Pyridine-free 
liquid is continuously returned to 
the saturator. 

Overhead vapors from the neu- 
tralizing still are cooled to 92-96 C. 
in a tubular condenser and the con- 
densate is collected in a separator, 
where it splits into two layers. The 
upper layer, containing all the pyri- 
dine bases, is continuously trans- 
ferred to storage while the lower 
layer, consisting of an aqueous 
solution of (NH,).CO,, dis- 
charged to the NH, liquor system. 

However, proper separation of 
pyridine bases from the condensate 
is possible only if the vapors leav- 
ing the condenser contain sufficient 
CO, to produce an aqueous phase of 
high (NH,).CO, content. 


Schutt process recovers pyridine bases 
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6—Absorption of Water 


By Dehydrating Solutions 


Water can be a troublesome impurity in gas streams. 


It is a 


common one, so here are ways to get rid of it. 


Water vapor is probably the most 
common impurity in gas streams. 
Usually the water vapor itself is 
not objectionable, but the liquid 
or solid phase of water which may 
form when compressing or cooling 
the gas is troublesome. Liquid wa- 
ter almost always accelerates corro- 
sion; and, ice or solid hydrates can 
plug valves, fittings and even gas 
lines. To avoid trouble, almost all 
fuel gas transported in transmis- 
sion lines must be dehydrated. 

Compressed air that operates 
automatic valves and instruments 
in refineries and chemical plants 
must also be thoroughly dry. Other 
places gas streams must be de- 
hydrated are: in catalytic processes 
where water is a catalyst poison or 
a source of undesirable side reac- 
tions and in air-conditioning sys- 
tems where dehumidification is re- 
quired. 

The equilibrium quantity of 
water vapor at various pressures 
and temperatures can be estimated 
from published charts for saturated 
natural gas™ (to 6,000 psia.) and 
air” (to 15,000 psia.). The water 
content of air at atmospheric pres- 
sure and various degrees of satura- 
tion is easily estimated from psy- 
chrometric charts which are given 
in most air-conditioning and chem- 
ical engineering texts. 

The common practice is to ex- 
press water content of high-pres- 
sure natural gas as lb. H.0/MMscf. 
and of high- or low-pressure air as 
lb. H,O/Ib. dry air. Another method 
of indicating water content of a gas 
is in terms of dew point—defined as 
the temperature to which a gas 
must be cooled (at constant water 
content) in order for it to become 
saturated with water vapor. Since 
gases are often dehydrated to pre- 
vent the precipitation of H.O when 
they are cooled, the dew point is a 


more direct indication of the de- 
hydration effectiveness than is the 
absolute water content. 

If a 40 F. dew point is desired, 
for example, a natural gas stream 
would require dehydration to 62 Ib. 
H.0/MMscf. at 100 psia. or 9 lb. 
H.0/MMscf. at 1,000 psia. Since 
water vapor pressure over dehydrat- 
ing solutions normally varies with 
temperature in about the same way 
as the vapor pressure of pure water, 
the effectiveness of a given solution 
can be evaluated in terms of the 
difference between the dehydrated 
gas dew point and the contact tem- 
perature. This difference is known 
as the “dew-point depression” and 
is roughly constant for a given de- 
hydration system (i.e., solution 
strength and contact efficiency) 
over a fairly wide range of tem- 
peratures and pressures. 

Commercial processes for remov- 
ing water vapor from gas streams 
can be classified as follows: 

eAbsorption by hygroscopic 
liquids or by deliquescent solids. 

« Adsorption on activated solid 
desiccants. 

¢ Condensation by compression 
and/or cooling. 
Only the first two methods are con- 
sidered in detail; the third is pri- 
marily mechanical and is normally 
economical only in special circum- 
stances. 

Glycerine was one of the first 
liquids used for drying fuel gas, 
and CaCl, solution was reportedly 
the first liquid used to dry natural 
gas. Diethylene glycol—first used 
to dehydrate natural gas in the 
’30’s—and triethylene glycol proved 
to be outstandingly effective. In 
1957 it was estimated that there 
were at least 5,000 glycol-type nat- 
ural-gas dehydration plants in the 
U.S. and Canada. For air dehu- 
midification, triethylene glycol and 
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LiCl solutions are the two liquid 
systems commonly used. 

Sulfuric acid is an excellent de- 
hydration agent, but because it is 
extremely corrosive, it is now used 
only for special applications, such 
as the drying of gas streams in 
H.SO, plants. Many other liquids 
possess dehydrating properties, in- 
cluding solutions of NaOH or KOH 
and the halides of several metals. 
However, these materials are not in 
wide use. 


Glycol Dehydration Processes 


The two glycols of major impor- 
tance for gas dehydration are di- 
ethylene glycol and triethylene gly- 
col. Factors which have led to the 
widespread use of glycols for gas 
dehydration are their unusual hy- 
groscopicity, excellent stability to 
heat and chemical decomposition, 
low vapor pressures, and ready 
availability at moderate cost. 

Triethylene glycol is generally 
the preferred absorbent where a 
maximum dew-point depression is 
required. The principal reason for 
this is its greater stability at the 
high temperatures required for 
adequate regeneration. Triethylene 
glycol also has the advantage of 
providing a slightly greater dew- 
point depression than diethylene 
glycol at equivalent weight concen- 
tration. Diethylene glycol’s princi- 
pal advantage is its lower cost. 

A simplified flow diagram of a 
plant to use either of the glycols 
for natural-gas dehydration is 
shown in Fig. 30. This design in- 
cludes vacuum regeneration and is 
typical of a large installation re- 
quiring maximum dehydration. The 
glycol stream—containing from 1 
to 5% water—contacts the gas in a 
short countercurrent column. 

The absorbed water dilutes the 
glycol, and the dilute solution must 
be concentrated before re-use in the 
absorber by distilling the water 
out. Because of the extreme differ- 
ence in boiling points of water and 
glycol, a very sharp separation can 
be made with a short column. Some 
water reflux is provided at the top 
of this column to rectify the vapors 
and minimize glycol losses. In the 
flow arrangement shown, most of 
the regenerator vapor stream is 
condensed to minimize the vacuum 
pump or steam jet load, and a por- 
tion of this condensate is returned 
as column reflux. With atmospheric 
pressure regenerators, only the 
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Use glycol dehydration for large volumes of high-pressure 


Dried gas 


Absorber 


Feed gas 


Inlet 
scrubber 


water required for reflux is con- 
densed. 

The degree of dehydration at- 
tainable with a glycol solution is 
primarily dependent upon the ex- 
tent of water removal from the so- 
lution in the regenerator. To reduce 
solution water content to the ab- 
solute minimum without using high 
temperatures, the process in Fig. 30 
uses vacuum regeneration. A com- 
mon alternative in air dehumidifi- 
cation employs an inert-gas strip- 
ping vapor with heating to regen- 
erate the solution. 

In low-pressure dehydration 
plants as used in air-conditioning, 
the pressure drop through the ab- 
sorber becomes a major design 
factor. It is common practice to use 
spray nozzles and a minimum of 
low-pressure-drop packing in the 
absorption zone. Cooling coils are 
installed in the absorber to remove 
the water’s latent heat of condensa- 
tion. The coils also serve as packing. 

Cooling is required when low 
pressure gas or air is dehydrated 
because the relatively large amount 
of H.O in such gas streams causes 
an appreciable temperature in- 
crease. The increased temperature 
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can reduce the dehydration effi- 
ciency and increase the glycol loss 
by vaporization. The regenerator is 
also a spray column, and air is used 
as stripping vapor in conjunction 
with heating coils. 

Reflux is provided by condensing 
a portion of the water from the re- 
generator air stream on cooling 
coils located above the glycol feed- 
point. Glycol from the absorber may 
be used as coolant in the coils be- 
fore it enters the regenerator. A 
portion of the liquid is pumped 
from the absorber basin and passed 
through the regenerator as a slip- 
stream operating in parallel with 
the absorber instead of in series 
as in high-pressure gas dehydration 
plants. 

A method of utilizing glycol 
which is sometimes useful for nat- 
ural-gas gathering systems is to 
inject glycol into the gas stream at 
the well-head to protect the gather- 
ing lines from hydrate difficulties. 
Ethylene glycol, because of lower 
solubility in hydrocarbons, is some- 
times preferred to diethylene or tri- 
ethylene glycol for this operation. 
To further minimize losses by so- 
lution in hydrocarbon liquids, the 
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glycol-water solutions are quite 
dilute (60-70% glycol) compared 
with the 95% or higher concentra- 
tions commonly used in conven- 
tional dehydrator designs. 

The glycol provides some dehy- 
dration, but its primary function in 
this operation is to act as an anti- 
freeze agent in suppressing the for- 
mation of solid hydrates. The high 
degree of dehydration attained may 
be attributed more to the cooling 
which occurs when the gas is ex- 
panded than to the effect of the 
glycol solution. Several process flow 
schemes are used in connection 
with glycol injection systems. In its 
simplest form, the process is al- 
most identical to conventional gly- 
col dehydration with a section of 
the gas line serving as the gas- 
liquid contactor. 


Plant Design and Operation— 
Sufficient operating data on glycol 
dehydration plants are available to 
give an idea of some design princi- 
ples based on rule-of-thumb or ex- 
perience factors. Two of these for 
high-pressure natural gas plants 
are: 
e At least 3 gal. of glycol should 
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be circulated per pound of water 
absorbed. 

¢ The absorber should have the 
equivalent of four actual trays. 

A comparison of dew-point de- 
pressions obtained by commercial 
units operating at the minimum re- 
quirements above, with the theoret- 
ical depression if equilibrium with 
the lean solution were reached, is 
shown in Fig. 31.%"" Although 
appreciable margin is noted be- 
tween actual performance and the 
theoretical maximum, the dew- 
point depressions obtained are all 
above 60 F. which is adequate for 
most pipeline transmission service. 

Swerdloff* has calculated the ef- 
fect of circulation rate for tri- 
ethylene glycol solution assuming 
one equilibrium tray—about four 
actual trays in the absorber. The 
results of his calculations are shown 
in Fig. 32. An interesting point 
about this chart is that a high cir- 
culation rate is more important 
with concentrated glycol streams 
than with the dilute (96%) solu- 
tion, if near-maximum dew-point 
depression is desired. 

Most dehydration plant absorb- 
ers are built with four contacting 
trays. It is estimated that these 
trays are usually 25 to 40% effi- 
cient so that the column is equiva- 
lent to about one equilibrium con- 
tact. Increasing the number of 
trays has an effect similar to in- 
creasing the circulation rate; it 
makes possible a closer approach to 
equilibrium with the inlet solution. 
Because of this, it is sometimes de- 
sirable to use more than four trays 
in the absorber, particularly where 
maximum dehydration is required. 

Glycol loss constitutes one of the 
most important operating problems 
of dehydration units. Most of this 
loss occurs as carryover of en- 
trained solution with the product 
gas, usually caused by glycol foam- 
ing in the absorber. A small amount 
of glycol may be lost by vaporiza- 
tion into the gas stream, by me- 
chanical leakage and with the va- 
pors leaving the regenerator. By 
careful plant operation, total glycol 
losses can be maintained below 0.5 
lb./MMscf. of gas treated; however, 
a loss of 1.0 lb./MMscf. is some- 
times acceptable. 

Corrosion can also be a serious 
problem in the operation of glycol 
dehydration plants. Since pure gly- 
col solutions are essentially noncor- 
rosive to carbon steel, it is gener- 
ally believed that corrosion is 
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accelerated by the presence of other 
compounds which may come from 
the oxidation or thermal decom- 
position of the glycol, or may enter 
the system with the gas stream. The 
rate of corrosion will also be in- 
fluenced by the temperature of the 
solution, velocity of the fluid and 
other factors. 


Dehydration With Saline Brines 
The use of CaCl, brine for water 
absorption is quite old. But, for 
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most applications it is gradually 
being replaced by the glycols and 
by more efficient salts such as LiBr 
and LiCl. Lithium salts are used 
increasingly in air-conditioning in- 
stallations for dehumidification. 


CaCl, for Gas Dehydration — 
Brockschmidt’ compares operating 
data for a plant using a 35% CaCl, 
solution and essentially the same 
unit with a 95% solution of di- 
ethylene glycol. For glycol to be 
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used in the plant, the CaCl, solution 
reboiler was replaced with a 13- 
plate regeneration column, and heat 
exchangers and solution preheater 
were added. 

The glycol gave a dew-point de- 
pression averaging 45 F. as com- 
pared with a dew-point depression 
averaging only 19 F. for CaCl, 
solution. During comparison pe- 
riods of about seven months with 
each liquid, the glycol was found to 
have removed about twice the quan- 
tity of water as the CaCl, unit. 

In view of such poor performance, 
along with operating problems and 
corrosion, it is no wonder that con- 
ventional dehydration units em- 
ploying CaCl, solutions have been 
almost entirely replaced by glycol 
systems for natural gas dehydra- 
tion. 

Recently though, a novel appli- 
cation of CaCl, to natural gas de- 
hydration has been introduced, and 
a number of small units have been 


installed. A schematic diagram of. 


this type of dehydration unit is 
shown in Fig. 33 which is based on 
a description by Fowler.” The unit 
contains a bed of 2 to ? in. CaCl, 
pellets and five brine circulating 
trays. 

Gas enters the bottom of the col- 
umn, passes up through the brine 
trays where it contacts progres- 
sively more concentrated CaCl. so- 
lution, then continues upward 
through the bed itself where addi- 
tional water is absorbed on the sur- 
face of the pellets, forming concen- 
trated brine which drips down to 
the trays continuously. The tray 
design forces gas to aspirate liquid 
upward, providing circulation and 
sufficient liquid on each tray with- 
out need for a pump. 

The concentrated CaCl, brine 
dripping from the bed of pellets 
has a specific gravity of 1.40 which 
is reduced to about 1.15 to 1.20 by 
the time it reaches the bottom of 
the column. This brine—considered 
expendable—is dumped into a pit 
along with any free water produced 
by the well. The units are recharged 
with CaCl, pellets periodically, 
' bringing the bed to a depth of 8 
ft. As chemical is used up, the bed 
settles; but the efficiency of the 
unit is not appreciably reduced if 
the level is kept above 2 ft. It is 
reported that units of this type can 
give a dew point of as low as 7 F. 
with a bed depth as low as 2 ft. 
and a gas temperature of 127 F. 

Since the recharging frequency 
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and the chemical cost are propor- 
tional to the water content of the 
gas, it is desirable to maintain the 
water content of feed gas as low 
as possible by operating at a tem- 
perature close to the hydrate freez- 
ing point. Principal operating diffi- 
culties of this unit have been due 
to brine freezing on the trays. 


Lithium Halides Can Dry Air— 
Lithium bromide is considerably 
more soluble in water, and the satu- 
rated solutions of this salt have a 
lower vapor pressure, than LiCl 


solutions at the same temperature. 
Thus, LiBr can provide a greater 
degree of air dehydration. For 
most operations though, the degree 
of dehydration provided by LiCl is 
adequate and, since it costs less, it 
is the preferred compound. 

Dehydration units designed for 
lithium halide solutions are about 
the same as those that use tri- 
ethylene glycol. The principal dif- 
ference between the halide solutions 
and the glycols for dehydration is 
that the active component in the 
halide solution has essentially zero 
vapor pressure, therefore requiring 
no rectification section in the re- 
generator. 

Although they are appreciably 
less corrosive than CaCl,, LiCl and 
LiBr brines are somewhat corro- 
sive, particularly in the presence 
of impurities (especially copper). 
A good inhibitor is lithium chro- 
mate, particularly useful for these 
solutions since it does not introduce 
a foreign cation. 

An incidental benefit obtained 
with LiCl units is the appreciable 
degree of sterilization of the air 
treated. Research on LiCl solutions 
reportedly indicated 97% removal 
of airborne micro-organisms from 
the air processed.* This feature is 
of particular importance for air 
conditioning systems in hospitals 
and food processing plants. 


Purification and 


Dehydration by Adsorption 


Adsorption is an important commercial unit operation in purify- 


ing gases. These are the places you use it. 


Adsorption, of increasing impor- 
tance in gas purification, forms the 
basis for commercial processes 
which remove water vapor, organic 
solvents, odors and other vapor- 
phase impurities from gas streams. 
In adsorption, materials are concen- 
trated on the surface of a solid as 
a result of forces existing at this 


surface. Since the quantity of ma- 
terial adsorbed is directly related to 
the area of surface available for ad- 
sorption, commercial adsorbents 
generally are materials which have 
been prepared to have a very large 
surface area per unit weight. 

For gas purification, the adsorb- 
ent particles may be irregular gran- 


June 15, 1959—Cuemicat ENGINEERING 


ss 
wdrotor uses CaCla | 
ee 
the 
| 


ules or preformed shapes such as 
tablets or spheres, and the gas to 
be purified is passed through a bed 
of the material. The gas-phase im- 
purity is selectively concentrated on 
the internal surfaces of the ad- 
sorbent while the purified gas 
passes through the bed. 

Although adsorption can be prac- 
ticed with many solid compositions, 
most gas purification and dehydra- 
tion adsorbents are based on some 
form of silica, alumina (including 
bauxite) or carbon. Certain  sili- 
cate adsorbents—the so-called mole- 
cular sieves—are also becoming in- 
dustrially important. Silica and 
alumina base adsorbents are pri- 
marily used for dehydration, while 
activated carbon has the specific 
ability to adsorb organic vapors. 
Molecular sieves have very unusual 
properties with regard to both de- 
hydration and the selective adsorp- 
tion of other compounds. 

Whether the process involves re- 
moval of water vapor or other gas- 
phase impurities, the basic design 
concepts are similar. Gas must be 
passed through a bed of adsorbent 
material at a velocity consistent 
with pressure drop and other re- 
quirements and under conditions 
which will allow the required mate- 
rial transfer to occur. The bed will 
eventually become loaded with the 
impurity and must then either be 
discarded, removed for reclaiming, 
or regenerated in place. Regenera- 
tion-in-place almost always is ac- 
complished by the use of heat and 
a stripping vapor. 


Water Vapor Adsorption 


Many solid materials will take 
up water vapor from gases—some 
by actual chemical reaction, others 
through formation of loose hy- 
drated compounds, and a _ third 
group by adsorption as described 
above, Desiccants in the last group 
are of primary importance for com- 
mercial gas dehydration processes. 
The adsorbents most commonly 
used for dehydration are: 

¢Silica gel. 

¢ Silica base beads. 
¢ Activated alumina. 
¢ Alumina gel balls. 
¢ Activated bauxite. 
Molecular sieves. 

With the possible exception of the 
molecular sieves (which normally 
require somewhat higher regenera- 
tion temperatures), the equipment 
and process flow arrangements for 
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all the adsorbents are basically 
identical and need be described 
only once. In many cases the ad- 
sorbents themselves are inter- 
changeable, and equipment designed 
for one can be operated quite effec- 
tively with another. 

In its simplest form, a plant for 
removing water vapor from gases 
by adsorption consists of two ves- 
sels filled with granular desiccant. 
There is sufficient auxiliary equip- 
ment for one bed of desiccant to be 
regenerated while the other is be- 
ing used for dehydration. Regener- 
ation is accomplished by passing 
hot gas through the bed. When one 
bed is spent and the second com- 
pletely regenerated, their positions 
are reversed by suitable valving. 
The complete cycle is repeated pe- 
riodically so that the process is 
effectively continuous with regard 
to gas dehydration. 

The principal difference between 
adsorption dehydration processes is 
the means of providing regenera- 
tion heat. To make the process truly 
continuous, some work has_ been 
done on units in which beds are 
moved from the regeneration zone 
to the adsorption zone, rather than 
switching the gas feed point by 
valving. However, the moving bed 
units have been industrially impor- 
tant only for low-pressure applica- 
tions such as air-conditioning de- 
hydration. 

Many gas dehydration problems 
can be solved by the use of either 
a solid desiccant or a liquid system. 
However, the principal application 
areas of the dry desiccant process 
are: 

eCases where near-complete 
water removal is desired. 

e Installations (usually small) 
where the operating simplicity of 
the granular desiccant system 
makes it attractive. 

In the dehydration of large vol- 
umes of high-pressure natural gas, 
liquid dehydrating systems (di- 
ethylene glycol or triethylene gly- 
col) are usually more economical if 
dew-point depressions of 40 to 50 F. 
are required. If higher dew-point 
depressions—up to about 80 F.— 
are necessary, either type may be 
selected on the basis of intangible 
factors. If dew-point depressions 
consistently higher than 80 F. are 
required, solid-desiccant dehydra- 
tion is generally specified. 

In general, where a simple glycol 
unit (atmospheric-pressure regen- 
eration) is applicable, it is more 


. « « GAS PURIFICATION 


economical from both initial and 
operating cost standpoints than a 
typical dry desiccant system: A 
comparison of approximate equip- 
ment costs for natural-gas dehydra- 
tion by dry desiccant and glycol 
processes is shown in Fig. 34. Oper- 
ating costs for dry desiccant sys- 
tems are typically in the range of 
0.15 to 0.25¢/Mscf. as compared to 
0.10 to 0.20¢/Mscf. for glycol ab- 
sorption. 

In comparison with liquid sys- 
tems, solid desiccant dehydration 
offers these advantages: 

e Ability to provide extremely 
low dew points. 

eInsensitivity to moderate 
changes in gas temperature, flow 
rate, pressure, etc. 

¢ Simplicity of design and oper- 
ation of units. 

¢ Relative freedom from prob- 
lems of corrosion, foaming, etc. 

e Adaptability to dehydration 
of very small gas quantities at low 
cost. 

The process has the following 
disadvantages: 

e High initial cost. 

eGenerally higher 
drop. 

¢ Susceptibility to poisoning or 
desiccant breakup. 

e Relatively high heat require- 
ment. 

The effect of temperature on the 
equilibrium adsorption capacity of 
a molecular sieve, activated alu- 
mina, and silica gel is given in 
Fig. 35 for 10 mm. H.O partial pres- 
sure.“ These data show that at 
200 F. the moijecular sieve capacity 
is 15 wt.%, while the other ad- 
sorbents have an almost negligible 
capacity at this temperature. 

The extremely high drying effi- 
ciency of molecular sieves makes 
them useful for “trimmer” beds in 
conjunction with silica gel or alu- 
mina desiccants. In this type in- 
stallation, a small bed of molecular 
sieves follows the conventional ad- 
sorbent and removes the last traces 
of moisture from the gas stream, 
permitting the primary bed to be 
loaded to a higher capacity and pro- 
ducing a lower product-gas dew 
point. 


pressure 


Process Flow System—A typical 
flow diagram for a high-pressure 
natural-gas dehydration plant is 
shown in Fig. 36. In this arrange- 
ment, the regeneration gas is taken 
from the main wet-gas stream 
ahead of a pressure reducing valve 
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Compare initial dehydrator costs for high-pressure service 
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which maintains sufficient pressure 
drop to enable the regeneration gas 
to flow through a heater, dehy- 
drator, cooler and separator and 
back into the wet-gas feed stream. 
In an alternate arrangement which 
has been proposed, the cooled re- 
generation gas is re-admitted to the 
system at the midpoint of the tower 
in dehydrating service. This alter- 
native uses the pressure drop across 
the first half of the bed instead of 
the pressure drop across a valve to 
provide the driving pressure for 
the regeneration gas, and has the 
effect of reducing the required pres- 
sure drop across the entire dehy- 
dration plant. 

In the unit shown, steam at 
386 F. is used to heat the regenera- 
tion gas to 360 F. When regenera- 
tion of the bed is completed—when 
the exit gas temperature rises to 
about that of the inlet—the steam 
to the heater is shut off or the 
heater is bypassed, and the slip- 
stream of gas is used to cool the 
regenerated bed. When the bed tem- 
perature approximates that of the 
dehydration plant feed, it is ready 
for dehydration service. 

In the arrangement shown, gas 
flow is downward during dehydra- 
tion (when the velocity is highest) 
in order to avoid disturbing the 
bed. Flow is upward during regen- 
eration so that the bottom of the 
bed will be thoroughly regenerated, 
since it is the last contact point 
with the gas being dehydrated. 
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Flow is downward during cooling 
so that any water deposited from 
the cooling gas will be at the top of 
the bed where it cannot be re-vapor- 
ized into the gas stream during de- 
hydration. 

Short dehydration periods are 
more economical with regard to 
equipment size and _ desiccant 
charge; but, operating costs may be 
higher because of more frequent 
valve operations. Obviously, suffi- 
cient time must be allowed for com- 
plete regeneration and cooling of 
one tower while the other is in serv- 
ice. Regeneration time itself may 
be varied by adjusting the quantity 
and temperature of the regenera- 
tion gas stream. 

In general, the length of the dry- 
ing cycle is established on the basis 
of operating labor schedules, re- 
sulting in the usual cycle specifica- 
tions of 8, 12, 16, or 24 hr. An 8-hr. 
cycle is probably most typical. Com- 
mon practice is to switch beds on 
the basis of the established time- 
schedule rather than take full ad- 
vantage of the desiccant capacity. 
The desiccant bed capacity de- 
creases with age, and ultimately a 
time is reached when the bed just 
barely accomplishes the desired de- 
hydration at the end of the drying 
cycle and must be replaced. 


Organic Vapor Adsorption 


The removal of organic vapors 
from air by active carbon is prob- 
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ably second in importance only to 
dehydration as an industrial appli- 
cation of adsorption. Active carbon 
is the preferred adsorbent because 
of its selectivity for organic com- 
pounds. Silica and alumina based 
adsorbents have a much greater se- 
lectivity for water and are used 
primarily for dehydration, al- 
though silica gel has some specific 
application in the adsorption of 
organic material. 

Organic vapor adsorption is of 
particular importance in the re- 
moval and recovery of volatile sol- 
vents and the removal of obnoxious 
odors or other trace impurities 
from air and gas. These two appli- 
cations are closely related and may 
employ the same adsorbent. 

The term “active carbon” covers 
a multitude of carbon-based mate- 
rials with adsorptive power. Many 
manufacturers of these materials 
refer to their products as “acti- 
vated carbon” and the two terms 
are considered synonymous and 
used interchangeably. Tha term 
“activated charcoal” is generally re- 
served for those carbons which are 
derived from woody materials. 


Solvent Recovery—In many in- 
dustrial processes, volatile organic 
solvents are used as carrier liquids 
and dissolving agents. During cer- 
tain processing steps these solvents 
are vaporized into the air. In many 
cases, the removal of vaporized 
solvent from the air and its recov- 
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ery for re-use is an economic neces- 
sity. In other cases solvent re- 
moval is desirable to prevent air 
pollution. 

Adsorption systems have been 
used for organic solvent recovery 
since the ’20’s and, according to 
Morgan,” U.S. adsorption plants in 
1957 recovered over 2 billion lb. of 
solvent annually. Solvent recovery 
processes are important in plants 
manufacturing cellulose acetate 
rayon, plastic-coated paper or cloth, 
plastic films, rubber products and 
smokeless powder. They are also 
used in such operations as solvent 
extraction, high-speed printing, 
painting, varnishing and degreas- 
ing of metal parts. 

Some form of activated carbon is 
used in these processes rather than 
silica and alumina base adsorbents, 
because of carbon’s selectivity for 
organic vapors in the presence of 
water. Typical solvents which can 
be recovered from air streams by 
activated carbon include: hydro- 
earbons such as naphtha or pe- 
troleum ether; methyl, ethyl, iso- 
propyl, butyl and other alcohols; 
chlorinated hydrocarbons such as 
carbon tetrachloride, ethylene di- 
chloride and propylene dichloride; 
esters such as methyl, ethyl, iso- 
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propyl, butyl and amylacetate; ace- 
tone and other ketones; ethers; 
aromatic hydrocarbons such as ben- 
zene, toluene, xylene; and carbon 
disulfide. 

In general the solvents should 
have a boiling point below 350 F. 
so that they can be removed readily 
from the carbon by low-pressure 
steam. Also, the process will not 
operate satisfactorily with solvents 
which are easily oxidized—such as 
nitroparaffins and cyclohexanones. 

A flow diagram of a typical sol- 
vent recovery plant is shown in 
Fig. 37. As in dehydration, two 
adsorbers are normally used with 
one adsorbing while the other is be- 
ing regenerated. Regeneration is 
accomplished by passing low-pres- 
sure steam upward through the 
bed; the steam raises the tempera- 
ture of the bed, reducing its equi- 
librium capacity for the adsorbed 
vapors, provides latent heat of va- 
porization for the solvent, and acts 
as a stripping vapor to reduce the 
solvent partial pressure in the va- 
por phase. The steam passes out of 
the vessel with the desorbed solvent 
and both are condensed to permit 
solvent recovery. 

Steam and solvent vapors from 
the adsorber being regenerated are 
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condensed in a water-cooled heat 
exchanger; the condensate is col- 
lected in a separate vessel, and 
solvent that is insoluble in water is 
decanted and returned to the proc- 
ess. When the solvent is partially or 
completely soluble in water, a more 
elaborate separation step is re- 
quired. This step, usually distilla- 
tion, must be designed for the spe- 
cific separation involved. 

Some steam is condensed and ad- 
sorbed in the bed during the strip- 
ping operation. This water must be 
removed before the next regenera- 
tion cycle to prevent a build-up of 
water in the bed. With carbons 
which have a high, selective ad- 
sorption capacity for the solvent in 
the presence of moisture, this ex- 
cess water can be removed during 
the adsorbing period by vaporiza- 
tion into the air which passes 
through the bed. If the solvent is 
not adsorbed strongly in the pres- 
ence of water, it is necessary to dry 
the bed between regeneration and 
adsorption cycles by passing dry 
air through the bed for a short 
period. 

The concentration of solvent va- 
pors in the air entering most sol- 
vent recovery units ranges from 
+ to 2 lb./Mscf. With flammable 
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solvents fire hazard considerations 
set the maximum allowable solvent 
concentration, which should be less 
than 50% of the lower explosive 
limit. 

Where a very high efficiency of 
solvent recovery is desired, series 
operation of the adsorbers is recom- 
mended. In this arrangement, four 
adsorbers are typically employed. 
At any time in the cycle, one of the 
four adsorbers will be undergoing 
regeneration while the other three 
are in air purification service. Two 
of these are used to purify separate 
portions of the air stream in paral- 
lel and the third adsorber is used 
in series behind the most nearly 
spent adsorber. This permits each 
adsorber to be operated until it 
actually passes some solvent and 
thus acquires a higher solvent 
charge than would be possible if it 
were taken off-stream before any 
solvent appeared in the product air. 
This type of series operation re- 
portedly results in a solvent recov- 
ery efficiency of 99.7 to 99.8% of 
the solvent in the entering air.” 


Odor Removal by Adsorption— 
The problem of odor removal dif- 
fers from that of solvent recovery 
in that the impurities are present 
in much lower quantities, and 
usually no attempt is made to re- 
cover the adsorbed compounds. 
Large volumes of atmospheric-pres- 
sure air must be handled in air- 
conditioning equipment, and a very 
low pressure-drop is required, which 
calls for the use of very thin beds 
of activated carbon. 

Fortunately, most odorous vapors 
have high molecular weights and 
are adsorbed readily in shallow 
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beds. Commercial equipment for 
the removal of odors from air 
streams is designed to give maxi- 
mum face-area for the passage of 
air in minimum space. The equip- 
ment is unitized for ease of spent 
carbon replacement, and the units 
are commonly in the form of cylin- 
drical canisters or larger cells con- 
taining flat or corrugated beds. 


Other Adsorptive Processes 


In addition to their wide-spread 
use for gas dehydration, solvent re- 
covery and odor removal from air, 
adsorbents find application for 
many specialized gas purification 
problems. The majority of these 
applications utilize fixed beds of 
granular adsorbents. 


Adsorbing Coal Gas Benzol — 
Active carbon is used in commercial 
installations to remove benzol (a 
benzene-rich light oil) and other 
impurities from manufactured and 
coke oven gas. The principal reason 
for removing benzol from such gas 
streams is undoubtedly to recover it 
as a valuable byproduct. A second 
reason is to improve the properties 
of the gas as a household fuel. 


Low-Temperature Separation— 
A number of serious mishaps have 
occurred in low-temperature air 
separation plants which have been 
attributed to the accumulation of 
acetylene (and possibly other un- 
stable or oxidizable compounds) in 
the liquid oxygen. As a result, sev- 
eral operations designed to increase 
safety have been developed for these 
plants, including the use of silica 
gel to remove adsorbable impurities 


from the air feed and liquid air 
streams. Silica gel adsorbers in the 
line carrying the liquid from the 
bottom of the high-pressure col- 
umn to the middle of the low-pres- 
sure column are commonly employed 
to prevent any accumulation of im- 
purities in the system. 

In industrial areas where appre- 
ciable amounts of atmospheric con- 
taminants are present, a_ prelimi- 
nary purification of the feed-air 
stream is also required. This may 
be accomplished by the use of silica 
gel pre-filters, which are placed be- 
tween the warm-exchanger system 
and the liquefier. These units purify 
the air while it is still in the gase- 
ous phase and operate in a typical 
adsorption-regeneration cycle. 


Use of Molecular Sieves 


In addition to their use for dehy- 
dration, molecular sieve adsorbents 
are finding application for special- 
ized gas purification problems. 
Most of these take advantage of 
the fact that molecular sieves show 
a high adsorptive selectivity for 
polar and unsaturated compounds. 
Polar compounds such as H.O, CO., 
H.S, SO, and mercaptans are very 
strongly adsorbed and can be re- 
moved readily from such nonpolar 
systems as natural gas or hydrogen. 
Three commercial applications for 
the co-adsorption of H.O and one 
or more acidic impurities have been 
described by Clark.” They are dis- 
cussed briefly below. 


Inert Gas Purification — Inert 
gas is usually made by removing 
CO. and water vapor from a com- 
bustion gas made under carefully 
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controlled conditions. Natural gas 
is burned with air in stoichiometric 
proportions to give a product gas 
containing about 89% N, and 11% 
CO, plus H.O originally present in 
air and formed by combustion. 

The combustion gas is cooled by 
heat exchange with regeneration 
air and by passage through a 
water-cooled exchanger. The cooled 
gas is then passed through one of 
three molecular sieve beds for H.O 
and CO, removal. During this 
time, the second molecular sieve 
bed is regenerated and the third 
is cooled. 

The CO, content of the combus- 
tion gas is reduced from about 11% 
to less than 0.1%, and the dew 
point is lowered to below —75 F. 
by the molecular sieve adsorption 
process. Oxides of nitrogen which 
may be present in trace quantities 
in the combustion gas are com- 
pletely removed. 


Removing CO. and H.O From 
C.H.—Molecular sieves have been 
employed to co-adsorb CO. and H.O 


from ethylene gas which is used 
for the production of polyethylene. 
A very low CO, content is required 
in the feed gas to the polymeriza- 
tion plants, and liquid systems nor- 
mally require more than one stage 
of adsorption. In the molecular 
sieve process, a standard two-bed 
system is used with regeneration 
by heating the bed with 600 psig. 
steam and purging with heated 
methane. 

It is reported that the initial in- 
vestment for this type of CO.-H,O 
removal plant is lower than that of 
a conventional installation with 
liquid processes for CO, removal 
followed by adsorptive dehydration. 
Also, operating costs are competi- 
tive.” 


Natural Gas Purification — The 
molecular sieve process is appli- 
cable to the purification of natural 
gas containing H.S and other sul- 
fur compounds. Economics of the 
process are most favorable when 
the natural gas also requires dehy- 
dration. 


Conversion 


Impurities in Gas 


Catalysis can convert objectionable impurities to easily handled 


compounds. Look over these processes. 


Catalytic processes differ from 
the other techniques used in gas 
purification in that the objection- 
able impurities are not physically 
removed from the gas stream. 
Rather, they are converted to 
compounds which either are not 
objectionable and, therefore, may 
remain in the gas stream; or, can 
subsequently be removed with 
greater ease than the compounds 
originally present. 

While in the first case, catalytic 
conversion constitutes the entire 
purification operation, additional 
steps such as absorption or ad- 


sorption are required in the alter- 
nate case. 

The most important catalytic 
gas purification processes used 
commercially are: Conversion of 
organic sulfur compounds presen‘ 
in fuel, refinery and synthetic 
gases to H.S or oxides of sulfur; 
removal of CO from synthesis or 
inert gases by conversion to CO, 
or CH,; conversion of acetylene in 
olefinic gas streams to ethylene by 
selective hydrogenation; and, fi- 
nally, oxidation and reduction of 
a multitude of objectionable or- 
ganic and inorganic compounds 


Cuemicat Encineertnc—Jure 15, 1959 


. . GAS PURIFICATION 


present in industrial exhaust 


gases. 


Conversion to H.S 


Organic sulfur compounds are 
much less chemically reactive 
than H.S and, therefore, are either 
not at all or incompletely removed 
in conventional H.S removal proc- 
esses. Some adsorption and oxi- 
dation processes used for HS 
removal are capable of partially 
eliminating organic sulfur but, in 
general, catalytic conversion at 
high temperatures is used to elimi- 
nate organic sulfur compounds 
from gas streams. 

Most catalytic organic sulfur re- 
moval processes require an inlet 
gas essentially free of H.S. How- 
ever, certain catalysts tolerate 
appreciable quantities of H.S in 
the gas without loss of activity. 
Such catalysts are of special 
economic significance in the purifi- 
cation of synthesis gases where 
removal of H.S by conventional 
processes prior to organic sulfur 
conversion necessitates cooling 
followed by reheating of the syn- 
thesis gas. 

Synthesis gases used in cataly- 
tic processes usually require al- 
most complete absence of all sul- 
fur compounds because many 
synthesis catalysts are extremely 
sensitive to sulfur poisoning. Con- 
sequently, two types of organic 
sulfur removal processes have 
been developed, depending on the 
ultimate use of the purified gas. 

In the first case, the organic 
sulfur content of fuel gases 
(mostly coal gases) is reduced 
sufficiently to make them suitable 
for use in such applications as 
flueless heating appliances, direct- 
fired pottery kilns, heat-treating 
processes of nonferrous metals. 

The second type of process is 
intended for complete removal of 
organic sulfur compounds from 
industrial gases, especially syn- 
thesis gases. Because of the ex- 
tremely low total sulfur concen- 
trations in gases used for many 
catalytic syntheses — sometimes 
less than 0.01 grain/100 cu. ft.— 
these processes are, ideally, capa- 
ble of completely converting not 
only COS, CS, and mercaptans but 
also thiophene. 


Carpenter-Evans Process—First 
catalytic process used commer- 
cially for removing organic sulfur 
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compounds from manufactured gas 
was developed in England by Car- 
penter and Evans."”” 

Catalyst used in this process is 
a sulfide of nickel. It is prepared 
by soaking broken firebrick in a 
solution of NiCl, followed by heat- 
ing the firebrick to 930 F. Nickel 
oxide obtained is subsequently 
sulfided with H.S contained in 
crude coal gas. This catalyst is 
most active at 800 to 850 F. and 
loses its effectiveness quite rap- 
idly at lower temperatures. 

The process operates at atmos- 
pheric pressure and 790 to 840 F. 
Operation consists of preheating 
the gas, first by heat exchange 
with product gas and then in a 
coke-fired heater, almost to re- 
action temperature before admis- 
sion to the catalyst chamber. After 
passing through catalyst 
which is in steel tubes, the gas is 
heat exchanged with the inlet gas, 
cooled and H.S formed in the con- 
verter is removed in iron oxide 
purifiers. 

Catalyst is regenerated by con- 
tact with air at a temperature 
somewhat below that used during 
conversion. Operating data” indi- 
cate typical organic sulfur re- 
moval efficiency of about 80% (re- 
duces it from 35 to 7.5 grains / 
100 cu. ft.) and a catalyst life, be- 
tween regenerations, of 30 to 35 
days. 

Three commercial plants with 
capacities of 2, 10 and 15 million 
cu. ft. of gas/day, respectively, 
have operated for a considerable 
length of time. However, the 
process was not accepted widely, 
primarily because of its high fuel 
and maintenance cost. 


Peoples Gas Co. Process—This 
process, developed by the Peoples 
Gas Co. of Glassboro, N. J., re- 
moves a sufficient amount of or- 
ganic sulfur compounds from city 
gas to make it suitable for a glass 
annealing furnace at a New Jersey 
glass factory. The process” em- 
ploys a catalyst of MgSO, and 
ZnO and reportedly reduces the 
organic sulfur content of city gas 
from 15 grains to less than 3 
grains /100 cu. ft. 

In the installation described, 
gas to be purified is first preheated 
to 800 F. in a preheater located in 
the annealing furnace. It then 
passes downward through four 
layers of catalyst, each 1 ft. thick. 
Catalyst vessel is brick-lined, 24- 
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in. standard steel pipe insulated 
on the outside. 

Gas emerging from the bottom 
of the catalyst vessel at 650 F. 
is cooled to 100-150 F. in an air- 
cooled heat exchanger and finally 
freed of H.S in an iron oxide box. 

Catalyst is regenerated weekly 
by circulating air through the 
vessel for 12 hr. at 8 cu. ft./min. 
Catalyst is usually replaced after 
operating six months. The plant 
operates at 10 psig. and has an 
average capacity of 2,500 cu. ft. of 
gas/hr. with a maximum of about 
4,000 cu. ft./hr. 

Entire plant is constructed of 
carbon steel with the exception of 
stainless steel catalyst trays and 
supports. 


Holmes-Maxted Process — The 
most extensively used commercial 
process for removing organic sul- 
fur compounds from coal-derived 
fuel gases is known as the Holmes- 
Maxted process.” This process em- 
ploys a catalyst consisting of a 
metal thiomolybdate that  pro- 
motes conversion of organic sul- 
fur compounds to H.S by hydro- 
genation. At present the process 
is used in more than fifty installa- 
tions with capacity from 5,000 to 
4 million cu. ft. of gas/day. 

Catalyst used in the Holmes- 
Maxted process consists of a nor- 
mal thiomolybdate, typically cop- 
per, iron, zinc, cobalt or nickel 
thiomolybdate. Its typical com- 
position in the case of a bivalent 
metal, Me, is represented by the 
formula MeMos,. 

A diagrammatic flowsheet of the 
Holmes-Maxted process, as prac- 


ticed in a large industrial installa- 
tion,” is shown in Fig. 38. 

Coal gas, free from H.S, flows 
to a blower and then to shell-and- 
tube heat exchangers where its 
temperature is raised to 500 F. by 
exchange with the treated gas. 
From the heat exchanger the gas 
passes to a preheater where it is 
further heated, to 570-645 F. and 
then enters the bottom of a con- 
verter containing the catalyst in 
an annular bed 12 in. thick with 
a central gas passage. 

Preheater is a_shell-and-tube 
heat exchanger where the coal 
gas flows through the tubes and 
combustion gases from a gas-fired 
furnace flow through the shell. 

Heat is released in the converter 
by the hydrogenation of organic 
sulfur compounds and the reac- 
tion of oxygen with hydrogen. To 
avoid overheating the catalyst, 
in cases where the gas contains 
substantial amounts of oxygen, a 
portion of the gas is bypassed 
around the heat exchangers and 
preheater and fed directly to the 
converter. 

After passing twice through 
beds of the catalyst the gas leaves 
the top of the converter, flows 
through the heat exchangers, a 
spray cooler where it is cooled by 
direct contact with an aqueous 
solution of Na,CO,, a water-cooled 
condenser for final cooling and, 
finally, to iron oxide boxes for re- 
moving H.S formed in the process. 

Catalyst is removed semicon- 
tinuously from the bottom of the 
converter through a gas lock—at 
the rate of 1 cu. ft./million cu. ft. 
of gas—and fresh catalyst added 
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to the top of the vessel through a 
feed hopper. 

Spent catalyst, containing about 
10% carbon, is regenerated in a 
separate vessel with a mixture of 
air and flue gas having a maximum 
of 5% oxygen, at 480 F. to 660 F. 
Temperature control during re- 
generation is necessary because 
the catalyst is permanently dam- 
aged if the temperature exceeds 
1,100 F. 

The regenerator is a cylindrical 
vessel with a perforated conical 
bottom, containing the catalyst in 
a continuous bed.” Spent catalyst 
is added to the top of the vessel 
and the hot air-flue gas mixture 
is blown through the perforations 
of the cone at a rate of about 10 
cu. ft./lb. of catalyst. Regenerated 
catalyst is withdrawn periodically 
from the bottom of the cone 
through a valve without inter- 
ruption of the operation. 

Different arrangements of proc- 
ess equipment are used, mainly for 
reasons of plant compactness. 
Heat exchanger, preheater and re- 
actor may be placed in one vessel 
and, in very small installations, 
the heat exchanger is omitted. 

External heat required for start- 
up and, in some cases, during 
operation is supplied by burners 
located in a combustion chamber 
surrounding the converter. 

Since all the oxygen contained 
in the inlet gas is consumed in 
the converter, addition of air to 
the treated gas ahead of the iron 
oxide beds is usually necessary to 
obtain continuous regeneration in 
situ. This, however, is avoided by 
providing two iron oxide beds, one 


before and the other after the con- 
verter as shown in Fig. 39. By 
alternating the pattern of gas flow, 
one oxide bed is regenerated by 
oxygen in the feed gas while the 
other is removing H.S from the 
treated gas. 


Organic Sulfur Removal — The 
principal organic sulfur compound 
present in synthesis gases ob- 
tained by partial oxidation of sul- 
fur-bearing hydrocarbons is car- 
bonyl sulfide (COS). This is 
readily converted to H.S either by 
hydrogenation or by hydrolysis, in 
the presence of certain catalysts. 

Iron oxide catalysts are effective 
for simultaneous shift conversion 
and conversion of COS to H.S 
while chromia-alumina” and cop- 
per-chromia-alumina” catalysts 
are used for selective hydrolysis 
of COS in the presence of large 
amounts of CO. In addition, cata- 
lysts containing copper, chromium 
and vanadium oxides have been 
developed for removing H.S and 
organic sulfur compounds from 
synthesis gases.” 

Organic sulfur compounds such 
as COS and alkyl mercaptans may 
be removed from hydrocarbon 
streams by catalytic hydrogena- 
tion. 

Depending on the catalyst used, 
simultaneous hydrogenation of 
unsaturated hydrocarbons also 
present in the gas stream or selec- 
tive conversion of organic sulfur 
compounds is obtained. Although 
several catalysts have been pro- 
posed for such applications, two 
types, a cobalt-molybdena” and the 
copper-chromia-alumina” catalyst, 
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are used most commonly in com- 
mercial operations. 


Removal of Carbon Oxides 


Removal of CO and CO, from 
synthesis gas streams is required 
when such gases are used in cata- 
lytic processes adversely affected 
by these compounds. For example, 
CO, CO, and oxygen cannot be 
tolerated in hydrogen used for 
NH, synthesis because even small 
quantities of these compounds act 
as very powerful catalyst poisons. 

The bulk of the CO, in synthesis 
gases is always removed by regen- 
erative liquid absorption. Follow- 
ing such processes the concentra- 
tion of CO, remaining in the gas 
is further reduced either by non- 
regenerative absorption in NaOH 
solutions or by catalytic conver- 
sion to methane. 

Carbon monoxide is also ab- 
sorbed in regenerable liquids; 
however, catalytic conversion to 
CO., which is subsequently ab- 
sorbed in a liquid system, or to 
CH,, is normally employed if the 
gas to be treated contains rela- 
tively small amounts of CO. Since 
catalytic conversion of oxides of 
carbon to CH, involves hydrogena- 
tion, any oxygen present in the gas 
is removed concomitantly. 


Conversion of CO to CO,—For- 
mation of H, and CO, by reacting 
CO with water vapor in the pres- 
ence of iron oxide catalysts is one 
of the earliest industrial applica- 
tions of catalysis. The technology 
of this process, known as shift 
conversion, has been highly de- 
veloped and is used extensively for 
producing and purifying H.. 

This process is applicable to 
purifying H, produced in water- 
gas generators, steam-hydrocarbon 
reformers, partial oxidation and 
steam-iron processes. It is also 
suitable for adjustment of the 
H,-CO ratio in synthesis gases and 
for purifying gases produced in 
controlled-atmosphere generators. 

The converter contains one or 
several fixed beds of catalyst, in 
the latter case with provisions for 
heat removal between beds. This 
is particularly desirable in instal- 
lations processing gas with very 
high CO content. Although the re- 
action is only moderately exother-. 
mic, fairly close temperature con- 
trol is desirable because of the 
unfavorable change in the equi- 


169 


é 
a 
~ J 
| Iron oxide purifier 
Converter -heater 
Gas 
in 
| 
| 


GAS PURIFICATION . . 


librium with increasing tempera- 
ture. 

Process is illustrated in the 
schematic flow diagram shown in 
Fig. 41 using purification of H, 
obtained by steam-hydrocarbon re- 
forming of natural gas as an 
example. 

The gas mixture emerging from 


the reforming furnace, containing 
mainly H., CO and CO., is cooled 
to 700 F. by adding steam or con- 
densate and passed over the shift 
conversion catalyst in the first 
conversion stage. About 90-95% 
of the CO is converted to CO, and 
an amount of H., equivalent to the 
CO reacted, is produced. 


Methanation removes small quantities of CO and CO, from gas 
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First conversion stage is pri- 
marily intended for producing ad- 
ditional H, and therefore, is not a 
gas purification operation in the 
true sense of the word. 

Hot gas leaving the converter 
is cooled to about 100 F., and the 
CO, is removed in a conventional 
regenerative liquid system (ethanol- 
amine or hot K,CO,). 

Carbon dioxide-free gas is re- 
heated in a direct-fired heater and, 
after adding steam, passed 
through the second conversion 
stage which is followed by another 
CO, scrubber. 

If very high-purity H, is re- 
guired a third conversion and CO, 
removal stage may be added. Typi- 
cal product gas from a three-stage 
shift conversion plant contains (by 
volume): 0.02% CO, 0.01% CO,, 
0.27% CH, and 99.7% H:. 

Flow scheme may be modified 
by using heat exchange between 
the outlet gas from one converter 
stage with the inlet gas to the fol- 
lowing stage and by adding a 
methanator to convert the last re- 
maining trace of CO and CO.. 

This process may be operated 
over a considerable range of pres- 
sures and temperatures. Pres- 
sures of 30, 125 and 350 psig. are 
typical for operation in conjunc- 
tion with low-pressure or high- 
pressure steam-hydrocarbon re- 
forming and partial oxidation of 
hydrocarbons, respectively. Typi- 
cal operating temperatures range 
from 600 to 900 F. 


Conversion to CH,—Catalytic 
hydrogenation of CO and CO, to 
CH, is normally used to remove 
small quantities of these com- 
pounds remaining in gas streams 
after bulk removal by other tech- 
niques. Typical application of the 
process is removing small amounts 
of residual CO and CO, from H., 
following shift conversion and 
absorption of CO, in a liquid sys- 
tem. 

This process is suitable for 
treating gas streams containing 
the oxides of carbon at a maximum 
concentration of about 2 mole %. 
It is particularly advantageous if 
CH, in the treated gas is not ob- 
jectionable in processes following 
the purification step. 

Under proper operating condi- 
tions the reaction goes almost to 
completion and exit gases contain- 
ing only a few parts per million 
of carbon oxides are obtained. 
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Flow scheme of the process is 
quite simple. A diagrammatic 
flowsheet typical for final purifica- 
tion of H, used for NH, synthesis 
is shown in Fig. 40. 

Effluent gas from the last CO, 
scrubber is first passed through a 
heat exchanger where it is pre- 
heated by exchange with the con- 
verter exit gas and then through 
a heater where its temperature is 
raised to 500-700 F. Hot gas flows 
downward through the converter 
and from there through the heat 
exchanger to a final cooler. 


Remove Acetylenic Compounds 


Most olefinic gas streams ob- 
tained from refinery off-gases or 
from cracking of saturated hydro- 
carbons contain acetylenic com- 
pounds, in concentrations ranging 
from a few tenths to about 2%. 
These compounds have to be re- 
moved if the olefins are used for 
producing certain petrochemicals. 

Although liquid purification 
processes employing selective sol- 
vents are available, selective cata- 
lytic hydrogenation is usually 
more economical. This is especially 
so if the acetylenic compounds are 
present in small quantities and 
very high-purity gas is required. 
Acetylene concentrations in the 
final product gas of as low as 10 
ppm. can be obtained by catalytic 
treatment of either the cracked 
gas or the purified olefin stream. 

Acetylene removal can be done 
at several points of the olefin puri- 
fication process. Selection of the 
most economical operation depends 
on a large number of factors and 
must be evaluated for each indi- 
vidual case. Basically, the choice 
is between treating the cracked 
gas or the purified olefin stream. 
In most commercial installations 
presently in operation, the acety- 
lenic compounds are removed from 
the cracked gas, usually after re- 
moval of aromatics and acid 
gases.” 

In some installations, selective 
catalytic hydrogenation is used to 
eliminate small quantities of acet- 
ylene and its homologues from 
purified olefin streams. A detailed 
discussion of the advantages and 
disadvantages of acetylene re- 
moval at different points of the 
olefin recovery and purification 
system is presented by Reitmeir 
and Fleming.” 

Commercial plants for selective 
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acetylene hydrogenation consist 
usually of two or three reactors 
containing the catalyst in fixed 
beds. One or two beds (operating 
in parallel) are in operation while 
the third is regenerated. The gas 
usually flows downward through 
the catalyst. Regeneration, which 
is necessary to remove polymeric 
materials from the catalyst, is ac- 
complished by means of super- 
heated steam flowing upward 


«through the catalyst bed. Provi- 


sions should be made for adding 
steam to the inlet gas to control 
selectivity, and for removing par- 
ticulate matter. 


Oxidation and Reduction 


Vapor phase catalytic oxidation 
and reduction is used for remov- 
ing a large variety of objection- 
able compounds from many types 
of gas streams. Typical applica- 
tions of this technique in gas puri- 
fication operations are: removing O, 
and CO from H, and synthesis 
gases, removing O, from N, and 
inert gas streams, removing or- 
ganic compounds from air and in- 
dustrial exhaust ‘gases, removing 


nitrogen oxides from exhaust 
streams, and eliminating H, from 
O, streams. 


Catalytic oxidation is particu- 
larly suitable for removing small 
amounts of combustible contami- 
nants from gas streams containing 
these compounds in concentrations 
below the flammable limit. There- 
fore, it has found wide application 
in the field of air pollution and 
odor control. 

Catalytic oxidation and reduc- 
tion processes are used most ad- 
vantageously when the impurities 
removed yield innocuous reaction 
products, such as water, N, and 
CO,. However, they are also use- 
ful for converting offensive and 
poisonous chemicals to less objec- 
tionable compounds, as for exam- 
ple, oxidation of H.S and organic 
sulfur compounds to SO.. 

Principal distinction between 
various commercially practiced 
gas-purification processes based 
on catalytic oxidation and reduc- 
tion lies in the type of catalyst 
used and the shape of the catalytic 
element. 

Catalyst may be supported on a 
granular carrier and arranged in 
fixed beds in conventional convert- 
ers. It may also be contained in 
specially constructed units in- 
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stalled in the converter in specific 
geometrical configurations. Basic 
gas purification installation em- 
ploying this type of process con- 
sists of: a preheater, where the 
temperature of the inlet gas is 
raised to the level required for the 
reaction, an injection and mixing 
device for addition of either O, or 
a reducing gas and the catalytic 
converter. 

In some applications the reac- 
tion proceeds at room temperature 
and the preheater may, therefore, 
be omitted. Heat savings are re- 
alized by using a heat exchanger 
between the inlet and outlet gas 
or by recirculating a portion of 
the treated gas. 

Recirculation has the added ad- 
vantage that the concentration of 
contaminants in the converter in- 
let gas may be adjusted. This is 
of considerable importance in 
cases where the lower explosive 
limits of the gas mixture may be 
approached. Recirculation or heat 
exchange is always recommended 
when the concentration and nature 
of contaminants in the inlet gas 
is such that heat generated by 
the reaction is sufficient to heat 
the gas to the required reaction 
temperature. 

When gases containing very 
large amounts of impurities are 
treated, the heat of reaction may 
be used to generate steam in a 
waste heat boiler. Two different 
schemes are shown diagrammati- 
cally in Fig. 42. 


Deoxo Processes—These proc- 
esses use precious metal catalyst 
supported on activated alumina.” 
The converter is a conventional 
circular vessel containing the cata- 
lyst in a fixed bed. Purification 
units ranging in capacity from 5 
to 500,000 cu. ft./hr. are in com- 
mercial operation. Typical appli- 
cations of these processes are for 
removing O, or H, from H, or O, 
respectively, or from noble, inert 
and synthesis gas streams, and for 
removing CO from synthesis gases. 

A catalyst of palladium sup- 
ported on pelleted activated Al,O, 
is used to remove O, from H,, N,, 
argon, neon, CO, and saturated 
hydrocarbon streams. Hydrogen 
has to be present in the gas stream 
in at least stoichiometric propor- 
tion to react with the O,. This 
catalyst is effective at room tem- 
perature, provided the gas does 
not contain chlorides, sulfur com- 
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pounds, CO, oil or unsaturated hy- 
drocarbons. This same catalyst 
is used for O, removal from gases 
containing CO and from ethylene 
streams if operating temperatures 
above 250 and 430 F., respectively, 
are maintained.” In all cases the 
reaction is practically complete 
and the treated gas contains less 
than 1 ppm. of O,. 

Oxidation of CO to CO, is pro- 
moted by a supported platinum 
catalyst—containing 0.1% to 0.5% 
platinum—at temperatures of 212 
to 390 F.“ The process is suitable 
for purifying gas streams of high 
H, content provided a 200% ex- 
cess of O, with respect to CO is 
available in the gas and the tem- 
perature is controlled between 260 
and 320 F. 


Oxycat Process—This process 
uses a catalyst consisting of a 
combination of platinum and alu- 
mina supported on a porcelain car- 
rier in a specially designed ele- 
ment.” 

The Oxycat element consists of 
71 porcelain rods held in place by 
two porcelain end plates. Catalytic 
agent is deposited on the surface 
of the rods. Unit is 54 in. long, 
3% in. high, 3 in. wide and weighs 
1.6 lb. 

Elements are arranged in sev- 
eral layers, usually three or more, 
in the combustion chamber. Cata- 
lyst elements are supported by 
suitable metal grates constructed 
from carbon steel when operating 
temperatures do not exceed 750 F. 
However, special alloys and re- 


fractory materials are required 
for operation at higher tempera- 
tures. 

Accessory equipment such as a 
preheater, a gas mixing device and 
a heat exchanger are normally 
provided in a typical installation. 

Oxycat process is primarily used 
for removing organic and other 
combustible vapors from air and 
industrial exhaust gases. 


Catalytic Combustion Process— 
Catalysts used in this process are 
precious metals (platinum group) 
supported on high nickel alloy rib- 
bon media, which are contained in 
elements of all-metal construction. 

Principal advantages claimed 
for this type of element are low 
pressure-drop, high throughput ca- 
pacity, high heat-resistance and 
resistance to thermal shock. Ele- 
ments are installed in a large vari- 
ety of configurations permitting 
gas flow in practically any desired 
direction. These catalytic elements 
are suitable for operating at tem- 
peratures from 100 to 1,700 F. and 
pressures from atmospheric to as 
high as 2,000 psig.*” 

Applications of the process are 
essentially the same as those dis- 
cussed previously, i.e., removing 
O, and H, from various gas streams 
and eliminating combustible com- 
pounds from air and _ exhaust 
gases. 

This process is also suitable for 
removing nitrogen oxides from gas 
streams by catalytic reduction to 
nitrogen. Gases such as H., CO, 
CH, or other hydrocarbon vapors 
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are suitable as reducing agents. 
The process operates at atmos- 
pheric as well as elevated pres- 
sures and over a_ temperature 
range extending from ambient to 
1,000 F. 


Mine Safety Appliances Co.— 
This process is primarily used for 
the complete removal of small 
amounts of acetylene (0.1 to 1.0 
ppm.) and other hydrocarbons 
from air streams fed to low-tem- 
perature separation plants.” 

Complete removal of acetylene 
from such streams is very impor- 
tant because of its low solubility 
in liquid oxygen. Accumulation of 
solid acetylene on heat exchanger 
surfaces may result in local con- 
centrations exceeding the explo- 
sive limits of the mixture and, in 
fact, many explosions in air sep- 
aration plants are attributed to 
this phenomenon. 

Hydrocarbons are completely 
oxidized to CO, and water at rela- 
tively low temperatures in the 
presence of Hopcalite, which is a 
mixture of 60% manganese dioxide 
and 40% copper oxide. This cat- 
alyst is also effective for oxidizing 
CO to CO. and decomposing ozone. 

Promoted Hopcalites containing 
relatively small amounts of silver 
salts are particularly effective for 
treating moist air streams. Com- 
mercial Hopcalite promotes essen- 
tially complete combustion of 
acetylene at 305-315 F. However, 
higher temperatures, ranging up 
to 800 F., are required for oxidiz- 
ing other hydrocarbons. 
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CO Absorption in Cu-NH, Salts 


Carbon monoxide removal is an 
important step in the purification 
of ammonia synthesis gas produced 
by the partial oxidation of hydro- 
carbons, the water-gas reaction, or 
steam-hydrocarbon reforming. A 
major portion of the CO in the 
raw synthesis-gas mixture is first 
reacted catalytically with H.O to 
form CO, and H, by the shift-con- 
version reaction. 

Carbon dioxide can be removed 
readily by absorption in H.O or 
alkaline solvents. But, the resulting 
gas may still contain 2-4% CO 
which must be removed completely 
to prevent poisoning of the am- 
monia conversion catalyst. Al- 
though other processes—such as 
methanation and liquid nitrogen 
wash—have been developed to dis- 
pose of small quantities of CO, the 
copper-ammonium salt process has 
retained a position of importance 
for many years. 

In this process, illustrated in Fig. 
43, CO at high pressure is ab- 
sorbed by an aqueous solution of a 
copper-ammonium salt in a counter- 
current contactor with the forma- 
tion of a cuprous ammonium-carbon 
monoxide complex. The preferred 
compounds for this service are cop- 
per-ammonium formate, carbonate 
and acetate, although other weak 
acid salts have been proposed. The 
solution is regenerated by the ap- 
plication of heat which destroys 
the complex to liberate almost all 
of the absorbed CO. 

Because of its mildly alkaline 
nature, the solution also absorbs 
CO., which is also liberated during 
the regeneration. The process is 
complicated somewhat by side re- 
actions such as the reduction of 
cupric ions to cuprous by CO, and 
the auto-oxidation of the cuprous 
to cupric with the precipitation of 
elemental copper. In order to pre- 
vent the latter reaction, it is nec- 
essary to provide O, to the system 
to maintain a sufficiently high con- 
centration of cupric ions. 


Low-Temperature Processes 


Separation of gaseous mixtures 
by fractional condensation and dis- 
tillation at low temperature has 
been practiced extensively since 
Carl von Linde disclosed his air 
liquefaction process at the begin- 
ning of the 20th century. Gener- 
ally, low-temperature processes are 
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not aimed at the removal of small 
amounts of impurities from gas 
streams, but rather at the separa- 
tion and recovery of pure compo- 
nents—O., N., He, CO, H, and 
various hydrocarbons. These proc- 
esses cannot be called true gas puri- 
fication processes. 

However, low-temperature tech- 
niques are used in such processes as 
the purification of H, used for NH, 
synthesis and the recently disclosed 
“Rectisol” process for acid gas re- 
moval. In both processes the crude 
gas is first precooled and some of 
the impurities are removed by con- 
densation. Final purification is 
obtained by absorption of the re- 
maining impurities in liquids, N. in 
first case and methanol in second. 


Removal of Impurities by N.— 
Separation of H, from coke-oven 
gas by liquefaction of the higher 
boiling components was first used 
industrially shortly after World 
War I. Since then, this technique 
has been applied successfully to 
the separation of pure H, from a 
variety of industrial gas streams, 
such as petroleum refinery off-gases 
and product streams from stream- 
hydrocarbon reforming and partial 
oxidation of natural gas. 
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The process consists of successive 
steps of gas cooling with fractional 
condensation of the impurities, fol- 
lowed by absorption of CO and 
methane, still present in the gas, 
in a stream of liquid N.. Hydrogen 
containing about 2% CO can be ob- 
tained from coke oven gas without 
a nitrogen wash.” However, most 
modern installations include a 
liquid-nitrogen wash column, espe- 
cially if the product gas is used 
for NH, synthesis. Various process 
design modifications have been de- 
scribed by Guillaumaron,” Ruhe- 
mann,”’ Bardin and _ Beery,” 
Baker™ and Jester.™ 


Linde Process—A flow diagram 
of a typical low-temperature gas 
purification process used for the 
production of pure H, at elevated 
pressure for NH, synthesis is shown 
in Fig. 44. This flow scheme repre- 
sents the process of the German 
Linde Co. in which conventional 
refrigeration (NH;) is used for 
precooling the feed gas and N,, 
and a high-pressure nitrogen cycle 
is used for the primary refrigera- 
tion requirements. Similar refrig- 
eration methods are used in other 
processes such as those developed 
by L’Air Liquide™ and Air Prod- 
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ucts” when it is desired to obtain 
the purified hydrogen stream under 
pressure. 

In the process shown here, the 
hydrogen-rich feed gas—usually at 
a pressure of 150-300 psig.—is first 
precooled by returning gases before 
it enters the low-temperature ap- 
paratus, The gas is then dehydrated 
and further cooled (to —50 F.) by 
use of a conventional ammonia 
cycle. High-purity N. obtained in 
an air separation plant is com- 
pressed to approximately 3,000 
psig. and cooled to —50 F. together 
with the feed gas. 

By following the flow of the dif- 
ferent streams in Fig. 44, it is seen 
that the precooled gas passes first 
through three heat exchangers 
where it is cooled by outgoing prod- 
ucts, i.e., evaporating methane, CO 
and N, from the bottom of the 
liquid-nitrogen wash column, and 
hydrogen-nitrogen product from 
the top of the column. 

After passing through the three 
exchangers, the gas enters the 
methane condenser where it is 
cooled to about —300 F. by liquid 
N, boiling at atmospheric pressure. 
Here the so-called methane frac- 
tion, consisting of almost all the 
CH,, the remaining ethylene, some 
CO, N, and an appreciable quantity 
of H, is condensed. The condensed 
liquid flows to the third exchanger 
after a portion of it has been evapo- 
rated in an exchanger used for pre- 
cooling the incoming N,. 

The effluent gas from the methane 
condenser—which consists mainly 
of H., CO and small traces of CH,— 
is contacted countercurrently in a 
plate column with liquid N, at about 
—300 F. and a pressure of 150-300 
psig. Practically all of the CO and 
the remaining CH, are removed 
from the gas in this operation. The 
overhead from the column contains 
85-95% H., 5-15% N, and only a 
few parts per million of CO and 
CH.. 

The liquid from the bottom of 
the column, containing CO, N, and 
some CH, is vaporized and used to 
cool the incoming gas. The ethyl- 
ene, CH, and CO-N, streams are 
usually combined to produce the 
“rich gas” which is used as plant 
fuel. 

Precooled high-pressure N, en- 
tering the low-temperature nit at 
—50 F. is further cooled by heat 
exchange with the various outgoing 
streams, as shown in Fig. 44, and 
used for three different purposes. 
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One part of the cooled N, is ex- 
panded to atmospheric pressure, 
liquefied and used as refrigerant 
in the methane condenser. The sec- 
ond part is flashed to the operating 
pressure of the nitrogen wash col- 
umn, liquefied in coils located in the 
methane condenser and fed to the 
top of the wash column, The third 
part is reduced in pressure and 
added to the overhead stream from 
the wash column to establish the 


required H.-N. ratio in the final 
product stream. 


L’Air Liquide Process—A proc- 
ess using the purified H, as the 
main refrigerant was developed by 
Claude and is known as L’Air 
Liquide process. A flow diagram of 
this process is shown in Fig. 45. 
Feed gas is first compressed to 175- 
200 psig. and flows through one of 
two alternate heat exchangers (the 
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warm exchanger), where it is 
cooled by returning streams to —85 
F. Two exchangers are usually pro- 
vided to permit periodic removal of 
accumulated solids without inter- 
ruption of the gas flow to the 
process. 

The gas then enters the second 
(cold) exchanger where it is cooled 
to about —150 F. and the ethylene 
fraction is condensed. After pas- 
sage through an additional heat 
exchanger the gas flows through 
the tubes of the methane condenser 
in which the methane fraction is 
liquefied. Liquid from the bottom 
of the condenser is expanded and 
introduced into the shell side of 
the vessel, thus providing refrig- 
eration. The effluent gas, which 
still contains most of the CO and 
some methane flows to the final 
condenser where most of these im- 
purities are condensed. 

Refrigeration is supplied partly 
by evaporation of condensed liquid 
and partly (in the upper section) 
by the product gas which has been 


cooled by pressure reduction to 1 
atm. in an expansion engine. Be- 
cause of the negative Joule-Thom- 
son coefficient of H., external work 
in an expansion engine is required 
to obtain the desired lowering of 
the gas temperature. The expanded 
gas—at a temperature of about 
—330 F.—is used as refrigerant in 
the final condenser and in the two 
exchangers as shown in the dia- 
gram, 

The purified gas from such an 
installation contains about 2-3% 
CO if a typical coke-oven gas is 
processed. In cases where gas of 
higher purity is required, the re- 
maining CO is removed in a liquid- 
nitrogen wash column which oper- 
ates in essentially the same manner 
as described above. 

This process has some advan- 
tages, especially the elimination of 
the high-pressure nitrogen cycle, 
when purified gas at atmospheric 
pressure is satisfactory. However, 
in cases where high-pressure gas is 
required, refrigeration by means 
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of the high pressure nitrogen cycle 
appears to be more economical.” 


The Rectisol Process—In this 
process removal of CO., H.S, or- 
ganic sulfur compounds, hydrogen 
cyanide, benzene and gum-forming 
hydrocarbons from synthesis gases 
is accomplished by physical absorp- 
tion in methanol at relatively low 
temperatures. Advantage is taken 
of the fact that these compounds 
(especially CO, and H.S) are highly 
soluble in methanol] at low temper- 
atures and elevated pressures, and 
readily released from the solvent 
when the pressure is reduced. The 
heat requirements of the process 
are very low because the solution is 
cooled by pressure reduction in the 
regeneration step, and the inlet gas 
is refrigerated by efficient heat ex- 
change with the outgoing purified 
and acid gas streams. 

The principal advantages claimed 
for the process are: Considerably 
lower energy consumption than is 
required in conventional processes 
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for acid gas removal, such as ab- 
sorption in H,O or in ethanolamine 
solutions; satisfactory removal of 
all undesirable impurities in a sin- 
gle process; and production of a 
product gas of very low H.O con- 
tent.” 116 

The main disadvantages of the 
process are its complex flow scheme 
and—because of the appreciable 
vapor pressure of methanol even at 
low temperatures—relatively high 
vaporization losses of the solvent. 
In addition, the outlet gas contains 
about 1% CO., even after multi- 
stage treatment, and final purifica- 
tion by more efficient methods is 
necessary if gases of low CO, con- 
tent are r- ed. The process ap- 
pears to be best suited for the treat- 
ment of gases containing large 
amounts of impurities—primarily 
CO, and H.S—at pressures above 
150 psig. 

The basic flow scheme of the 
Rectisol process as described by 
Herbert™ for the treatment of syn- 
thesis gas produced by coal gasifica- 
tion is shown in Fig. 46. Inlet gas 
enters at the bottom of a two-stage 
contactor which operates at ele- 
vated pressure, typically 300 psig. 
In the first stage, where the bulk 
of the CO,, practically all of the 
H.S and hydrocarbons, and an ap- 
preciable amount of organic sulfur 
compounds are removed, the gas 
is washed countercurrently with 
methanol which is fed to the middle 
of the column at a temperature of 
about —100 F. 

The temperature of the solvent 
increases due to the heat of absorp- 
tion, until it reaches about —4 F. 
at the contactor outlet. Solvent is 
regenerated by two successive pres- 
sure reductions and flashing of the 
dissolved gases. In the first step, 
where the pressure is reduced to 
1 atm., the solvent is cooled to 
—80 F., and in the second step, 
where the pressure is lowered to 
3 psia., the temperature of the 
methanol is reduced to —100 F. The 
cooled regenerated solvent (which 
still contains some CO,) is recycled 
to the middle of the absorption col- 
umn. 

The partially purified gas leaving 
the lower section of the contactor 
flows to the second treating stage, 
located in the upper portion of the 
absorber column, where it is washed 
countercurrently with a _ small 
stream of thoroughly  stripyed 
methanol entering the column at 
about —80 F. In this operation most 
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of the remaining CO, and practi- 
cally all of the residual organic sul- 
fur compounds are removed from 
the gas. 

Rich solvent is withdrawn at the 
bottom of the second contacting 
stage, stripped of acid gas by heat- 
ing with indirect steam in a con- 
ventional stripping column, cooled 
and recycled to the top of the con- 
tactor. 


Oil Absorption of Vapors 


Removal of hydrocarbon vapors 
from gas streams by absorption in 
liquid oils is an important part of 
many industrial processes. In some 
of these—such as natural gasoline 
recovery—the absorption step is 
only a portion of the refining proc- 
ess which produces a number of 
valuable industrial commodities, 
and the gas purification is of little 
or no importance. In other cases, 
such as the removal of naphthalene 
and to some extent benzol from coal 
gas, the absorption operation is 
conducted to improve the value of 
the gas stream. 


Light Oil—Most U.S. coal gas 
comes from coke ovens operated 
to produce coke for the iron and 
steel industry. The light oil con- 
tent of the gas depends upon both 
the manner of carbonization and 
the nature of the coal. Typically, it 
accounts for about 1 vol.% of the 
raw gas stream. 

Benzene is by far the most abund- 
ant compound in the light oil and 
for this reason, the total liquid re- 
covered is sometimes referred to as 
benzol (also spelled benzole), par- 
ticularly by English writers. The 
marketable benzene products of 
specified purity are also referred to 
as benzol (e.g., 1° benzol, industrial 
benzol, etc.), and the word toluol 
has the same significance with re- 
gard to the chemical toluene. Car- 
bon disulfide can also be removed 
from the gas stream during the 
light-oil recovery operation and in 
some specially designed installa- 
tions, sulfur removal is of equal 
importance to recovery of the 
benzol. 

A flow sheet of a typical light-oil 
recovery plant is shown in Fig. 47, 
based on a plant description by 
Hopton.” The gas stream is con- 
tacted with lean oil in a counter- 
current absorption tower. Rich oil 
from the bottom of the absorber is 
pumped through heat exchangers, 


where it is heated first by the va- 
pors leaving the top of the still, 
then by the lean solution leaving 
the bottom of the still, and finally 
by steam before it is fed into the 
still or stripping column near the 
top. 

The still shown is operated un- 
der vacuum, although atmospheric- 
pressure operation is more conven- 
tional. Steam is admitted into the 
bottom of the still to provide strip- 
ping vapor for the light oils and 
to minimize the temperature re- 
quired for adequate stripping. Lean 
oil is pumped through the heat 
exchanger, then through a cooler 
and back to the top of the absorber. 
Vapors from the still are cooled 
with partial condensation by indi- 
rect heat exchange with the rich oil. 
Condensate is passed to a separator 
which removes H.O, and the liquid 
hydrocarbons are returned to the 
still as reflux. 

The partially cooled vapors are 
passed to the benzol condenser 
where almost complete condensation 
is obtained by the use of cooling 
water. In this particular plant the 
condensate and uncondensed vapors 
are then passed through a vacuum 
pump to a separator from which 
noncondensed gases are returned to 
the fuel gas main, water condensate 
is removed for disposal, and the 
hydrocarbon layer is transferred to 
the crude benzol storage tanks. 

Although a large number of hy- 
drocarbon liquids have been pro- 
posed for absorbing coal gas light- 
oil fraction, the most commonly 
used materials are petroleum liq- 
uids (gas oil or straw oil) and coal 
tar fractions (creosote oil). Coal 
tar oils have the obvious advantage 
of being available at any coke plant. 
But, they have several disadvan- 
tages, chief among these being their 
tendency to become more viscous 
with use. Because of this factor, 
and frequently because of cost con- 
siderations, petroleum-base wash 
oils appear to be growing in favor 
with users. 

Coal tar oils have appreciably 
higher capacities for benzene than 
do the petroleum oils. However, 
this advantage can be lost as a re- 
sult of the “thickening” phe- 
nomenon noted above. 


Naphthalene—Removal of naph- 
thalene from coal gases is a puri- 
fication of considerable importance 
because, unlike other hydrocarbons 
present in coal gases, naphthalene 
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condenses as a solid when the tem- 
perature of the gas is lowered, re- 
sulting in the plugging of process- 
ing equipment and_ distribution 
lines. Because of its high boiling 
point, most naphthalene condenses 
with tar in the primary gas coolers. 
However, appreciable amounts— 
15-50 grains/100 cu.ft.—remain in 
the gas after the primary cool- 
ing step. In order to protect dis- 
tribution lines against deposition of 
solid naphthalene it is customary to 
remove the naphthalene to a final 
concentration of about 2 grains/100 
cu.ft. 

A schematic flow diagram of a 
naphthalene removal installation is 
shown in Fig. 48. Gas is washed 
with oil in an absorber of special 
design, permitting efficient contact 
between a large volume of gas and 
a small quantity of liquid. Because 
of the similarity of the operation 
the same absorber designs are used 
for naphthalene removal as for ben- 
zene absorption. 

Countercurrent towers contain- 
ing two stages of wood grid pack- 
ing are normally used in the U.S. 
In the lower section of the tower, 
where the bulk of the naphthalene 
is removed, the gas is washed with 
partially rich oil which is recircu- 
lated at a high rate. Partially puri- 


fied gas enters the upper section of 
the tower where the naphthalene 
content is reduced to the desired 
level by contact with a small stream 
of fresh oil obtained from the strip- 
ping step. 

Fresh oil is required at such a 
low rate that continuous counter- 
current addition would result in 
poor contact between the gas and 
the liquid. Thus, fresh oil is often 
injected intermittently at a suffi- 
ciently high rate to wet the pack- 
ing of the upper tower section. Oil 
leaving the upper section of the 
absorber joins the recirculating oil 
stream in the lower section, thereby 
providing fresh oil for bulk naph- 
thalene absorption. 

Rich oil is continuously with- 
drawn from the system at the same 
rate as fresh oil is added, stripped 
of naphthalene by steam distillation 
and reused. A convenient way of 
disposing of the stripped naphtha- 
lene consists of returning the strip- 
per overhead vapor to the gas col- 
lecting main ahead of the primary 
cooler in order to condense the 
naphthalene with the tar in the pri- 
mary cooler. However, the rich oil 
is not always regenerated and may 
be processed in a variety of ways, 
depending on the over-all economics 
of the installation. 


Remove naphthalene from coal gas by oil absorption 
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Operation 


Production to solidification. ......... 
Vat breakage and car loading... .. . 
Storage and shiploading........... 
Sulfur aboard ship (total)............ 


Ship unloading and dock storage. ... 


Car unloading and plant storage... . 
Sulfur into process (total)............ 


ARGE quantities of contamination, 
as the table above shows, can 

be picked up by pure sulfur enroute 
to its process destination. This is 
no trivial problem. Acid processes 
require large filters and sedimenta- 
tion tanks to block any ash coming 
in with the sulfur. Ash which gets 
through these devices clogs the cata- 
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From Mine to Process—Sulfur Picks Up Contamination 
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Ash Pickup, % 
0.000-0.002 


99.9% Sulfur Isn’t Pure Enough 


Mexico 


lyst, reducing gas flow areas. And 
iron oxide ash can poison vanadium 
oxide catalysts which are used in 
many sulfuric acid plants. The re- 
sult is premature shutdown. 

Surprisingly, little data are avail- 
able in the literature on how sulfur 
contamination occurs, and in what 
quantities. 

We have made a detailed study 
of this problem. Much of the data 
collected should be useful in analyz- 
ing and preventing contamination 
of any bulk chemical shipped by 
rail and water to a process plant. 


Contamination Sources 


Of course, number of transfers 
in a specific instance depends on the 


Dirt and other contaminants do get into sulfur. 
They seriously affect acid manufacture. 

Where do they come from? 

And what can be done about them? 


Source 


Entrained salt and gypsum from formation 


Windblown dust 


Clay from loading area 


Windblown dust 


Carrier body 


Windblown dust and clay from bin area 


Previous cargo, carrier body, windblown dust 
Clay from area 
Windblown dust 


Clay from area and windblown dust 


mine location and consumer’s plant 
site. But the above arrangement in 
the table applies to approximately 
4-million long tons per year of 
Frasch sulfur shipped by the sulfur- 
producing industry. 

Contamination by inorganic ash 
can occur at any of the storage 
points, during transfer operations, 
and in transit. 

Primary sources of contamina- 
tion are clay picked up in storage 
and transfer, windblown dust and 
dirty carriers. The ash analyses 
given are averages of many deter- 
minations. Not included are cases 
of massive contamination which oc- 
cur on occasion due to particularly 
dirty shipholds or railroad cars and 
lack of operator care. 
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SULFUR CONTAMINATION .. . 


For those shipments which by- 
pass any of the handling steps 
shown, it is safe to subtract the ash 
contribution of the omitted opera- 
tions from the total ash shown in 
the table, p. 179. 

As can be seen in the table the 
average ash content of sulfur car- 
goes as loaded aboard ship is in the 
range of 0.003 to 0.012%. This ash 
will be predominantly clay from the 
storage areas at the mine and dock. 
On occasion, a serious contribution 
of rust will be made from the car- 
rier body used in mine to dock 
transfer although for normally clean 
cars, the amount of rust imparted 
to the shipment will be negligible 
though detectable. From the as- 
loaded condition to plant entry the 
ash content of the shipment con- 
tinually rises and it can present 
serious problems, particularly if 
maximum ash enters at each step 
towards delivery, resulting in a 
high value of 0.115% ash in the sul- 
fur to process. 


From Mine to Ship 


Under normal conditions of load- 
ing and storage at mine and ship- 
per’s dock the major contributions 
of contamination are through oper- 
ator neglect—cutting into the earth 
below the sulfur deposit or scraping 
the bottom of the dock storage area 
and picking up partially distinte- 
grated concrete. Operator neglect 
can be eliminated for the most part 
by setting vat levels for the oper- 
ator’s to gage their machine cut, 
leaving a safety factor to allow for 
mistakes. 

Dock storage pads for sulfur are 
usually made of concrete or of 
tarred wood. Acid formation in 
stored crushed sulfur usually causes 
wood and concrete to rot. The con- 
crete pad is satisfactory for storage 
if the concrete is poured with a 
sharp slope of about 5° from the 
center line to the sides to allow 
rapid drainage of rain water. 
Sealing with tar-based products is 
sometimes done but its value is 
questionable with efficient drainage. 
Contamination from storage bot- 
toms has been eliminated by use of 
the drained pad and by leaving a 
sulfur cushion of 6 to 8-in. on the 
pad at all times. 

Transit of bulk sulfur in clean 
railroad cars or clean wooden gon- 
dolas ordinarily incurs no ash con- 
tamination from the carrier. Steel 
gondolas, however, are subject to 
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rusting and must be cleaned regu- 
larly. For gondolas in regular sul- 
fur service, an adequate procedure 
to prevent excessive scaling consists 
of scraping to the bare metal, prim- 
ing with 15% phosphoric acid and 
sealing with one coat of exterior 
paint. Quality of the paint is not 
too important, on a regularly main- 
tained schedule. It is not necessary 
to completely seal the surface. The 
paint only has to provide support 
for the loose scale which will form 
beneath the paint film after pro- 
longed service. 


Moving From Ship to Plant 


Shipholds contribute varying 
quantities of contamination. Since 
lump sulfur is stored in bulk, like 
most minerals, it is always possible 
for remnants of the previous cargo 
to enter the sulfur from unswept 
corners and deck beams. Hatch- 
cover beams, with their inevitably 
rusted surfaces, frequently contrib- 
ute large sheets of iron oxide to the 
holds of sulfur. A reasonable 
amount of cleanliness is expected of 
a shiphold before loading. But 
stevedoring charges and lost time on 
the ship usually represent such a 
significant monetary item that 
cleaning is rather superficial. Note 
that contamination contributed by 
the shiphold is frequently the larg- 
est fraction of the total. Occasion- 
ally holds doused with sea water 
have considerable salt contamina- 
tion if the hold bilge pumps are in 
bad order. 

At the consumer end, since the 
steps are the reverse of the loading 
operations, the same considerations 
apply to comparable transfers with 
several additional sources of con- 
tamination to consider. 

At the unloading dock equipment 
is very frequently applied to the dis- 
charge of diverse products with the 
chance of cross-contamination. Ad- 
jacent discharging systems, especi- 
ally for coal and minerals, also make 
their contribution to contamination 
through air-blown dust. 

Storage in the plant area gener- 
ally receives contamination from 
the product manufactured at the 
plant. Frequently the same carrier 
is used to transport finished prod- 
uct to an embarkation point and to 
bring back bulk sulfur. Here, cross- 
contamination is inevitable, partic- 
ularly in operations not conscious of 
quality control. 

In general where care is exer- 


cised at all points in the transfer 
of material from mine to plant, the 
process feed can contain as little 
as 0.007% ash. Normally, two or 
three times this figure is considered 
acceptable. Out-turns in excess of 
0.1% are not uncommon but cer- 
tainly higher than average for 
standard operations. 


Analysis Is Difficult 


The uniform nature of bulk sul- 
fur and the very small quantities of 
impurities it contains make the 
sampling operation of utmost im- 
portance. Because the various ash 
contaminants are localized and not 
uniformly distributed throughout 
the bulk, the use of a grab sample 
for assaying the cargo is not recom- 
mended. At loading it is relatively 
easy to representatively sample 
many fractions of the shipment. At 
destination, this is not always easily 
done. Unless care is exercised in 
seeing that the sample is represen- 
tative, and all sampling equipment 
spotlessly clean, the resultant assay 
might be worthless. 

Experience indicates, over many 
shipments, that assays from differ- 
ent samples vary by as much as 
30% on contained ash whereas dif- 
ferent analysts on the same sample 
will report ash within several hun- 
dredths of a percent of each other. 
This variability in samples, brought 
about by the nonuniformity of the 
product with respect to contami- 
nant, must be considered when trac- 
ing sources of bulk-sulfur contami- 
nation. 


Quality-Improving Trend 


Because of the maintenance and 
clean-out problems involved in oper- 
ating melting pits, filters and sedi- 
mentation chambers and because the 
steam required for melting can be 
often well used in the manufactur- 
ing process, a trend has taken place 
towards providing liquid sulfur 
from the mine to the plant. Shipped 
in sealed tanks by rail, barge or ship 
there is little chance for contamina- 
tion and the plant receipt quality is 
identical to as-produced quality. 
Loading and unloading is facilitated 
with liquid sulfur and the dust prob- 
lem is eliminated. Additional bene- 
fits to the consumer are in elimi- 
nating windloss from _ stockpile 
storage and in minimizing the labor 
charge for feeding sulfur into the 
process. 
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How to Estimate 
Engineering Properties 
Part 


Predict Critical Temperature’ 


This popular series of articles continues with 


an evaluation of today’s best methods for critical properties. 


The critical properties T., p, and 
V. appear in many generalized en- 
gineering correlations of other 
properties. So it’s obviously desir- 
able to be able to estimate critical 
values when no experimental data 
are available. 

In this article, and the part to 
follow in an early issue, we’ll out- 
line the best over-all methods as 
well as useful simpler relations of 
more limited applicability. Let’s 
begin with methods for predicting 
critical temperature, 

Most of the more recent relations 
for calculating T, are based on the 
old Guldberg-Guye rule:' 

T,/T. = 2/3 (1) 
which is surprisingly good on an 
over-all basis considering its ex- 
treme simplicity. For inorganic 
substances only, in fact, it appears 
that use of: 

T,/Te = 0.635 (2) 
is about as good a general rule as 
any available. In specific cases, 
however, quite large errors may re- 
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sult from the use of Eq. (1), and 
the more complicated correlations 
that we’ll discuss later are much 
more satisfactory. 

Best over-all methods appear to 
be those of Riedel,’ Lydersen,’® and 
Eduljee,‘ who calculate 7, from the 
following equations: 


Riedel: T./T. = 0.574 + (3) 


Here’s temperature. Coming soon: pressure and volume. 


Lydersen: 7,/T. = 0.567 + — 
(ZAr)? (4) 


T./T. rAr/100 (5) 
In each method, the term 3A, is 


Eduljee: 


evaluated by summation of the 
atomic and structural contributions 
listed in Table I for Eqs. (3) and 
(4); and in Table II for Eq. (5). 
We have included Lydersen’s incre- 


*What Is the Critical Temperature? 


Whether or not a pure substance can 
exist in the liquid state depends on the 
temperature. If the temperature is suffi- 
ciently high that the kinetic energies of 
translation of the molecules exceed the 
maximum potential energy of attraction be- 
tween them, the liquid state of aggregation 
is impossible. 

The temperature at which the molecular 
kinetic energy of translation equals the 
maximum potential energy of attraction is 
termed the critical temperature 7... 

Above the critical temperature the liquid 


state is impossible for a single component, 
and compression results only in a highly 
compressed gas, retaining all the properties 
of the gaseous state. Below the critical 
temperature a gas may be liquefied if 
sufficiently compressed. 

The pressure required to liquefy a gas at 
its critical temperature is known as the criti- 
cal pressure, po. Critical temperature and 
pressure fix the critical state at which there 
is no distinction between the gaseous and 
liquid states. The volume at the critical 
state is called the critical volume, Ve. 
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mental constants for A, and A, in 
Table I for later reference. Similar, 
but less accurate, correlations of 
critical temperature have been pro- 
posed by Thomas’ and by Vowles.’ 

For 215 compounds, the arith- 
metic average deviations of Eqs. 
(3) and (4), as given by Lydersen,’ 


were 1.4% and 0.9%, respectively. 
For 113 of the more recent or in- 
dependently verified measurements, 
the corresponding average devia- 
tions were 0.9% and 0.7%. Errors 
encountered with the Eduljee 
method—which is characterized by 
its versatility, accuracy and ability 


Nomenclature 
a, A, b Constants. w Weight fraction. 
Ly Molar latent heat of vapor- x Mole fraction. 
ization, keal./gram-mole. z Compressibility factor. 
M Molecular weight. Ar, Ay», Avy Incremental constants for 
n Number of carbon atoms equations used to calculate 
per molecule. T., Pc, and V., respectively. 
Pp Absolute pressure, atm. 
{[P] Parachor (values of Mum- Subscripts 
ford and Phillips). b At the normal boiling point. 
[Ro] Molar refraction. c At the critical point. 
T Absolute temperature, deg. cm Critical property of a mix- 
K. ture. 
V Molar volume, cc./gram- i i-th component in a mixture. 
mole. pe pseudocritical. 
—Table | 
Ar Ap Ay Ar 
CH; in ring compounds............ 0.013 0.184 
CH in ring compounds............... 0.012 0.192 
C in ring compounds................ (—0.007) (0. 154) 
0.00 0.00 0.00 0.00 
0.018 0.198 45 0.015 
=CH in ring compounds............. 0.011 0.154 
=C, =C= inring compounds........ 0.011 0.154 
0.017 0.320 49 0.013 
5O in ring compounds............... (0.033) (0.2) 
0.047 0.47 80 0.039 
=NH in ring compounds............ (0.024) (0.09) 
0.014 0.17 (42) 0.012 
=N — in ring compounds............ (0.007) (0.13) 
0.015 0.27 55 0.012 
—S-— in ring compounds............. (0.008) (0.24) 
=O except as given above... .. (0.02) (0.12) 


Notes—All bonds not specifically indicated are attached to atoms other than hydrogen. 
Numbers in parentheses are based upon two few experimental data to be reliable 
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to distinguish isomers—are given 
separately in Table III, since the 
method has not been published pre- 
viously. Although critical pressure 
will not be discussed until the next 
article in this series, we’ve included 
it in Table III for compactness. 

Comparing the error analyses, it 
appears that Eqs. (4) and (5) offer 
a slight advantage over Eq. (3). 

For saturated and unsaturated 
aliphatic hydrocarbons only, Tho- 
dos’ method” * allows calculations of 
T. to within about 2%. For the 
same class of compounds, however, 
Eduljee’s more general method 
gives somewhat more accurate re- 
sults. 


Some Simpler Approaches 


Three simpler correlation schemes 
which might often be of value for 
quicker estimates will now be re- 
viewed. These are the best methods 
of this nature of which this writer 
is aware. 

Using the least-squares method, 
Herzog’ derived equations of the 
following type: 

T./T, =a — b log [P] (6) 
for six organic and for five inor- 
ganic groups of compounds. The 
“relative reliability,” or maximum 
deviation to be expected 95% of the 
time, ranged from 2.2% to 5.4% for 
the various groups. The parachor 
{P] was based on values of Mum- 
ford & Phillips.” We refer you to 
the original article for a table of 
values for the constants a and b. 

More recently, Pilcher & Ward” 
have followed the same approach; 
they have correlated T., p. and V. 
for each of a dozen compound 
groups, producing 35 equations in 
the form of Eq. (6). 

Meissner” has proposed, for sub- 
stances with T, > 250 K.: 

T. = 20.2 T,%* — 143 — 

1.2([P] + 10.4[Rp] +A (7) 
where 7. and T, are in deg K.; and 
A is zero for plain and halogenated 
hydrocarbons and 10 for all other 
compounds. Reported over-all ac- 
curacy is 6% (and 3% max. for 
hydrocarbons). See Ref. 10 for 
structural contributions to both 
parachor |P] and molar refraction 
[Rp]. 

The oft-used formulas proposed 
by Meissner & Redding” are appli- 
cable to polar or associated, as well 
as nonpolar, compounds: 

For all elements and for com- 
pounds with T, < 235 K., use: 
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T. = 1.70 T, — 2.0 (8) 
For compounds with 7, > 235 


(a) containing halogens or sulfur, 

T. = 1417, +66 —-—11F (9) 
(b) aromatics and naphthenes free 
of halogens and sulfur, 

T. = 1417, + 66 — 

r (0.383 T, — 93) (10) 

(ec) containing no aromatics, naph- 
thenes, halogens or sulfur, 


T. = 1.027 T, + 159 (11) 


where, for Eqs. (8)-(11), T. and T, 
are in deg K.; F = number of fluor- 
ine atoms/molecule; r = ratio of 
noncyclic carbon atoms to total num- 
ber of carbon atoms in the molecule. 
An average deviation of about 5% 
was claimed. The maximum tested 
value of 7, was 640 K. Johnson, et 
al.,* have developed a nomograph 
for Eqs. (8) to (11). 

Herzog’ modified Eqs. (8) and 
(11) in the light of more available 
data, especially for nonhydrocar- 
bons, and obtained: 


T. = 1.725 T, — 5.7 (8’) 


and 
=1.1127,4+ 181.8 (11) 


These equations apply to the same 
compound types as Eqs. (8) and 
(11). Eq. (8’), based on data for 
31 compounds, showed a max. devi- 
ation (in 95% of the cases) of 
12.8%; Eq. (11’), based on 93 
compounds, showed a corresponding 
error of 5.4%. 


For Hydrocarbons Only 


For the important special case of 
hydrocarbons, the four correlations 
presented in Table IV on the next 
page are believed by this writer to 
be the best all-around correlations 
available today. 

For normal paraffins only, at least 
14 relations have been proposed, of 
which Eqs. (13) through (15) are 
apparently the most accurate for 
engineering use. 


Some Other Methods 


In between the best methods for 
T. prediction, discussed above, and 
the earliest correlations (van der 
Waals, Young, Prud’homme, etc.), 
there lurks a very large number of 
other correlations. Some of the 
more interesting of these are 
included here for the sake of 
completeness. See References 19 
through 30. 


CuemicaL ENGINEERING—June 15, 1959 


| Contributions for Eduljee’s 
Ar 
ie Val 
roup \ 
35.62 
34.0 
32.72 
31.40 
30.1 
29 
28.52 
55.21 
6-membered ring.................. 53.52 
Single bonding or substitution on 
second carbon atom............. —0.34 
Two branches or substitutions on 
second carbon atom............. —1.42 
Branching or substitution on number 
three or higher carbon atom..... —0.96 
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Critical Temperatures 


Method —Table Il 
Remarks 


Etheric oxygen. 
In amines. 
As member of a ring. 


In silanes. 


In phenols. 

In alcohols, n S 3. 

In alcohols, n = 4. 

In alcohols, n = 5. 

In alcohols, n = 6. 

Tn alcohols, n = 7. 

In alcohols, n = 8. 

In alcohols, n > 8. 

Ketone group. 

Carboxyl group. 

In esters. 

Nitrile group. 

For up to 3 carbon atoms per 
double bond. 

For 4 or more carbon atoms 
per double bond. 


In amines. 
In amines. 


The position of the branch or 
substituent is counted conven- 
tionally from the end of the 
chain. 


e Metheoc—Table Ill 
Critical Pressures 


cauiie 


Total Number Average !Total Number Average 


of Values 

Normal paraffins.............. 10 
Branched paraffins.............. 7 
Heptane isomers. .............- 8 
Octane and nonane isomers..... . 17 
Branched olefins, di-olefins, and 

Ketones and aldehydes.......... 7 
Fluorides and mixed halides... . . 15 
Sulfur compounds............... 8 


Heterocyclic compounds......... 


% Error | of Values % Error 
0.75 10 
0.27 7 3.13 
0.28 8 2.03 
1.07 16 3.07 
0.56 8 3.42 
2.06, 7 6.31 
0.67 5 0.90 
0.80 20 2.05 
0.73 8 5.75 
0.40 4 9.07 
0.59 8 3.22 
0.88 6 2.93 
1.55 5 8.77 
1.44 16 3.27 
0.69 12 4.78 
1.24 5 4.52 
0.54 9 2.20 
2.48 4 9.58 
1.10 11 4.78 
1.07 5 2.79 
1.54 6 7.45 
0.98 2 3.66 


Notes—All published values of critical temperature and critical pressure through Jan. 
1958 were used in the comparisons. Average error is calculated by taking the difference 
between calculated values and experimental values, dividing by the experimental value 


and then multiplying by 100. 
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vations for Hydrecarbens—Table IV 


Number | Proponents Equation Units Remarks Reference 


Nokay log T. = 19.078 + 0.2985 log s + : For pure hydrocarbons for which 
0.62164 log 7, 400 < T, < 1,400 R, and 

7T,isnormal 0.5 <s < 1.0. For normal! paraffins, 

boiling point 0.25% max. error when n is more than 

in deg. R 4 or less than 20. Error of + 1.7% max. 
for other paraffins, olefins, naphtha- 

s = specific lenes and aromatics. 

gravity 


Francis t, = ty + 180 — a“ t., ty are in For normal paraffins only. Max. error 
deg. C. is 1 deg. C. in t., for 3 <n < 12. 


Varshni | T., T,arein For normal paraffins only. +0.5% avg. 
(0.5405 + 0.0003937 7',) deg. K. error and + 1.0% max. error. 


Varshni & T. = 644.5 log (n + 2) — 75 7. = deg. K. For normal paraffins only. 
Srivastava For 4 < n < 19, avg. and max. errors 
of 0.48% and 1.2%. 
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Look for the next article in this 
two-part series on critical properties. It will give 
you the best methods for critical pressure, volume. 
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Fluid Flow Rules Unit Operations 


Density, pipe size, flow velocity as well as 


viscosity and pipe roughness affect pipeline friction 


and. hence, govern flow rate in process equipment. 


JESSE COATES and BERNARD S. PRESSBURG, Louisiana State University, Baton Rouge, La.* 


OST unit operations are rate phenomena. These 
M operations differ, primarily, in the nature of 
the driving potential and of resistance to flow. Since 
fluid flow occurs widely in the unit operations and its 
characteristics influence these operations, we’re start- 
ing with this subject first. We'll show how to apply 
fluid flow from a knowledge of its fundamental con- 
cepts. 

By its very nature, a fluid is a material which tends 
to deform or flow when subjected to an unbalance of 
mechanical forces. Properties of the fluid itself deter- 
mine the rate of the resultant flow in a given situation. 
The rate of flow attains a value such that the product 
of this flow and the internal resistance of the fluid 
to flow is exactly equal in magnitude and opposite 
in direction to the unbalance. Hence, a dynamic equi- 


*To meet your authors, see Chem. Eng., May 18, 1959, p. 182. 
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librium condition results in accordance with the basic 
equation: 
Motivating potential 7 
Resistance to flow (1) 
In practice, we may want to calculate any one of 
these three quantities. However, information and 
methods must be available for evaluating the other 
two quantities independently of the desired one. In 
this article, we will consider each separately. 


Flow = 


How to Express Flow 


In this operation, the substance flowing.is the fluid 
itself. Its flow can be expressed as a volumetric or as 
a weight rate. These quantities are interrelated by the 
fluid density as follows: 
w=QXp (2) 
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Dye Stream Gives Visual Eviderice of Changing Flow Patterns 


Streamline flow, Fig. la 


Transition flow, Fig. 1b 


Turbulent flow, Fig. le 


Reynolds numbers are below 
1,200 to 1,500. Each particle 
moves in a straight line parallel 
to the tube wall. Velocity of in- 
dividual particles varies with 
radial position. 


Reynolds numbers are in the 
approximate range of 1,500 to 
3,000. Particles move in a wavy 
path. Dye stream remains in- 
tact although it appears to be 
somewhat dispersed in spots. 


Reynolds numbers are above ap- 
proximately 3,000. Dye mixes 
throughout the entire cross sec- 
tion of the tube to indicate ex- 
treme turbulence in the fluid 
stream. 


where w = weight rate, lb./sec.; Q = volumetric rate, 
cfs. and p = density, lb./cu. ft. Any number of alterna- 
tive units of flow such as moles/hr. or gpm. may be 
used. By using appropriate conversion factors such as 
448.8 gpm. = 1 efs., we can convert any alternative 
flow values to the dimensionally consistent units of 
Eq. (2). 

Velocity may be considered a measure of the flow 
rate. However, velocity does not define flow rate com- 
pletely until the dimensions of the conduit, which fix 
the transverse area, are also known. 


(3) 


Here, Q = volumetric rate, cfs.; v = velocity, fps. and 
S = cross-sectional area, sq. ft. 


Select Convenient Motivating Potential 


Selection of a potential for fluid flow is primarily 
a matter of convenience as long as it represents the 
mechanical force causing the flow. These potentials 
are: the force itself, pressure (force per unit area), 
energy (the capacity for exerting a force for a dis- 
tance), work (force times the distance through which 
it acts), and power (work per unit time). 

We can use any or all of these potentials. However, 
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there are specific situations in which each is most 
convenient. For example, a force balance is most 
suitable for static equilibrium conditions. In this case, 
balanced forces prevail and the flow rate is zero. We 
find this static condition in a manometer which meas- 
ures pressure or pressure difference. 

We may apply the mechanical energy balance to 
ascertain quantitatively how much energy is allocated 
for overcoming fluid resistance in a given situation. 
49 + + few -We= 

Je 

v2? 

In Eq. (4), F is the motivating potential for use in 
Eq. (1). The other terms, collectively, determine how 
much potential is available to cause flow or, alterna- 
tively, from what source a required potential must 
be obtained. 

We recognize that Eq. (4) is a statement of the law 
of conservation of energy applied to mechanical energy 
only—but excluding thermal energy as such. Potential 
energy Zg/g., kinetic energy v’/2g. and static energy 
PV are possessed by all fluids at all times. Therefore, 
we must include them on both the input side and the 
output side of the balance. 

By definition, W is mechanical work done by the 
fluid on a device and must be subtracted from the input 
side. The integral PdV represents mechanical work 
obtained from the thermal energy content of the fluid 
such as the expansion of a gas and is the exact opposite 
of the F term. 

In overcoming the resistance to flow, the motivating 
potential is transformed through internal friction into 
thermal energy. Consequently, these terms appear on 
opposite sides of the balance. 

In the absence of a mechanical device, W must be 
zero. For a noncompressible fluid, fPdV is zero, a con- 
dition which is substantially true for most liquids. .If 
we assume friction is negligible, the balance simplifies 
to the form originally proposed by Bernoulli. 

2 2 

+ + = + PsVa + = = constant (5) 

While Eq. (5) is useful in showing the transforma- 
tion from one type of mechanical energy to another, 
it is exceedingly limited by the assumption of the 
absence of friction. 

If all quantities are evaluated with the units given 
in the nomenclature, each term in Eqs. (4) and (5) 
has net units of ft.-lb. force/lb. mass. Also, these 
equations have been written for an arbitrary basis 
of one pound of mass of the fluid. If desired, each 
term in these balances can be multiplied by m pounds 
mass of fluid without affecting the equality. 

Similarly, since pressure is a measure of the con- 
centration of mechanical energy, multiplication of each 
term in Eqs. (4) or (5) by p gives a pressure balance. 
Note that pressure is the product of energy per unit 
mass and mass per unit volume. For a noncompressible 
fluid, p: = p: = p and Eq. (4) can be rewritten as: 


pZig pv;? pu? 

In Eq. (6), pv’/2g. is the impact pressure that would 
be attained if the fluid were stopped and its kinetic 
energy changed quantitatively into static energy. Sim- 
ilarly, pF is the pressure drop AP, caused by friction, 
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and pZ is the static pressure equivalent to the poten- 
tial energy. 


Fluid Resistance Dominates Flow Calculations 


Evaluation and use of the resistance which opposes 
flow of the fluid is, probably, the most widespread 
and recurrent calculation which the engineer must 
make in the field of fluid flow. Since this resistance is 
entirely within the fluid, its magnitude depends on the 
instantaneous direction and velocity of the fluid par- 
ticles as they move through the conduit. Here, we con- 
sider a particle to be a random grouping of molecules 
which move, on a macro scale, as a whole. We must 
distinguish these particles from the individual mole- 
cules whose movement is in accord with the kinetic 
theory. Size and shape of the conduit and, to some 
extent, its material of construction also influence the 
flow resistance. 

Two distinct flow patterns and correspondingly dif- 
ferent resistances must be recognized: 


Shear occurs between plane surfaces .. . 


Velocity=v + dv Force 
| Fluid jof viscosity # 
dr 
| Area=A 
| Velocity = v 


Fig. 2 ~~Shear surface, AL 
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1. Streamline or laminar flow as shown in Fig. la 
in which each fluid particle flows in a straight line, 
parallel to the pipe wall. 

2. Turbulent flow as shown in Fig. 1c in which the 
particles move in an apparently random pattern with 
radial movement of eddies superimposed on the for- 
ward velocity. Turbulent flow gives a net velocity 
which varies with time, even including brief periods 
during which flow is in the reverse direction. We may 
observe this condition for either a specific group of 
molecules or all of the particles passing a fixed point. 

Streamline flow is the less frequent of the two and 
is encountered only for viscous materials such as oil 
and molasses, or at low velocities, or both. We will 
consider streamline flow first because it is more readily 
analyzed and its characteristics are fully established. 

Basic fundamentals are shown in Fig. 2. The rela- 
tion between the variables is stated quantitatively by 
Eq. (7). 

Shearing force  wdv 

Shear area @) 
If we apply Eq. (7) to the circular pipe shown in 
Fig. 2, a differential statement of the phenomena 
results: 


T= 


d(Force) =— SdP = rxDdL (8) 
Finite solution of Eq. (8) gives the equation for 
Poiseuille’s law. It is conveniently written in several 
equivalent forms: 
We can rearrange Eq. (9) into the form of our general 


rate equation: 


(9) 


F APr 
128uL/rq-D'p? 128. 
F APr 

128uL/rq-D4p 


(10) 


v= 


Q= (11) 


Nomenclature 


== Constant, dimensionless. 

= Constant, dimensionless. 

= Shear area, sq. ft. 

= Pipe diameter, ft. 

Friction, ft.-lb./Ib. 

Fanning friction factor, dimensionless. 

Local acceleration of gravity, ft./sec” 
Gravitational conversion factor, 32.2 ft./see.’ 
Pipe length, ft. 

Reynolds number, dimensionless. 

Pressure, lb./sq. ft. 

Volumetric rate of flow, cfs. 

Hydraulic resistance, (ft.) (Ib. force) / (Ib. mass)°. 
Hydraulic resistivity, (lb. force) (ft.)°/ (Ib. mass)°. 
Transverse or flow area, sq. ft. 

Fluid volume, cu. ft./Ib. 

— Average linear velocity, fps. 

= Weight rate of flow, Ib./sec. 

= Mechanical work, (ft.) (lb. force) /(lb. mass). 
= Vertical distance above reference level, ft. 
= Pipe roughness, ft. 

= Viscosity, lb./sec.-ft. 

= Numerical constant = 3.1416. 

= Fluid density, lb./cu. ft. 

= Shear stress, lb. force/unit shear area. 


sc 
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Arbitrarily selecting weight units, for the flow rate 
and energy, for the driving potential in Eq. (10) shows 
the resistance to be: 

F 128ul __ ft.-lb. force /Ib. mass 


R = = - = —— ne 


lb. mass (12) 


Analysis of this resistance, in the same manner as 
electrical or thermal resistance, by the relation R = 
rL/S shows that hydraulic resistivity 7 is: 


r = 32u/9-D"p? = (lb. force) (sq. ft.) /(Ib. mass)? (13) 


Eq. (13) shows r to depend not only on the properties 
of the fluid, but also on the dimension of the pipe which 
determines the magnitude of the fluid velocity. 


Turbulent Flow Is More Difficult to Analyze 


Mathematical statement of the resistance in the tur- 
bulent flow regime is more complex than in stream- 
line flow because factors other than shear become 
significant. Occurrence of eddies causes particles to 
move from one radial position with its average linear 
velocity to another radial position with a different 
average velocity. Consider average linear velocity as 
a statistical quantity from which individual particles 
may deviate. This movement is formally described” ° 
as an exchange of momentum with a net movement 
from the center of the conduit to the wall. 

Alternatively, its influence on the energy consump- 
tion can be visualized by tracing the cycle followed by 
a specific particle. As the particle moves from a high 
velocity position to one of lower velocity, it merges 
with the fluid at this position and assumes the fluid 
velocity. Also, the kinetic energy which it gives up 
must be transformed into thermal energy. 

Since this exchange can take place in a horizontal 
plane, there is no change in potential energy. A con- 
version to static energy would require that there be 
a difference in pressure at different radial positions; 
this would be contrary to reasoning and to fact. There 
is no mechanical form in which this energy can be 
stored up for the reverse trip. Thus, there is less 
total mechanical energy in the second position. The 
disappearance of energy corresponds to friction. 

In the return trip, the particle gains in kinetic 
energy. For noncompressible fluids, this energy cannot 
be gained from the thermal energy but must be ob- 
tained at the expense of static pressure. Thus, at the 
end of its round trip, the particle is at a higher tem- 
perature and, unless the energy associated with this 
temperature change is obtained from a corresponding 
change in potential energy, the fluid is at a lower 
pressure. 

This process takes a finite time during which the 
particle moves downstream because of its velocity in 
the direction of flow. Thus, the pressure gradient 
AP,./AL depends on how far the particle moves, and at 
what velocity it moves radially as well as axially. 

Random nature of the flow pattern makes it unlikely 
that a specific group of molecules will remain together 
and return as an entity to their starting point. An 
individual molecule may become part of numerous 
eddies and move unpredictably from one radial posi- 
tion to another before ultimately returning to an 
arbitrarily designated starting position. Since all 
molecules are statistically the same at a given posi- 
tion, this does not alter the explanation of the higher 
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resistivity of the fluid during turbulent flow compared 
to the resistivity in streamline flow, if it can be main- 
tained, for the same volumetric flow. 

Therefore, the primary problem in turbulent flow is 
one of mathematically describing the turbulent flow 
pattern. In this pattern are the components of the 
velocity in both a radial and an axial direction at 
various radial positions in the pipe. While a number 
of approaches have been made such as Prandtl’s mix- 
ing length concept,’ and Nikuradse’s universal velocity 
profiles,“ none has been successful in predicting tur- 
bulent flow energy requirements as Poiseuille’s law 
does for streamline flow. 


Turbulent Flow Correlations Are Empirical 


All turbulent flow friction correlations contain an 
empirical factor which acts as a proportionality con- 
stant in the relationship between flow rate and energy 
consumption. The correlation most used by chemical 
engineers is the Fanning equation: 


The only term which does not also appear in Poiseuille’s 
law is the Fanning friction factor f whose magnitude 
depends on the degree of turbulence. However, the 
exponent of the velocity, diameter and density terms 
is different in Eqs. (14) and (9), and viscosity does 
not appear as such in Eq. (14). 


PF = (14) 
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An alternative to the Fanning equation is the Weis- 
bach equation which differs only in that its friction 
factor incorporates the constant 4 in the numerator 
of Eq. (14) and, hence, is four times as large. Another 
is the Chezy equation: F = 4v°L/C’D where C = 
(29./f).° 

The most widely accepted means of correlating the 
voluminous friction data is the friction factor plot. 
In Fig. 3, the friction factor’ is plotted against the 
Reynolds number N,,. For values of N,, above 2,000, 
an additional parameter, pipe roughness, is necessary 
for good accuracy. 

Rearranging the Fanning equation shows turbulent 
flow resistance to depend strongly on the flow as well 
as on other factors. 


R= w 2g-(w/4) D8 p? x a D?/4 (15) 
In this case, fluid resistivity r is: 
R 4f w 
L/S 29-Dp* a D*/4 (16) 


Resistivity is quite complex and not readily expressed 
as a simple, mathematical function because the friction 
factor is dependent on the Reynolds number. 


Reynolds Number-Friction Factor Relation 
Let’s consider the Reynolds number. It is named for 


Osborne Reynolds who visually observed the streamline 
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and turbulent flow patterns and noted that any given 
flow pattern can be made to change from one to the 
other by varying pipe size, volume of flow, or both. 
Specifically, he observed that the variables which deter- 
mine the mode of flow are density p and viscosity » of 
the fluid, diameter of the pipe D, and average velocity 
v with which the fluid moves through the pipe. 

If these variables are arranged as the product of 
D, v and p and the quotient of », in consistent units, 
the resultant grouping is dimensionless. Its value 
characterizes the flow. Below a certain value, the flow 
is laminar; above it, the flow is turbulent. 

Today the point of transition, designated the critical 
Reynolds number, is not definitely established even for 
flow inside circular pipes. A value of 2,000 to 2,100 is 
generally accepted for this case, but values as low as 
1,000 to 1,200 are reported. Differences in the critical 
value occur because the transition is not sharp. Turbu- 
lence appears to begin first in the center of the pipe as 
shown in Fig. 1b and increases in magnitude. Use of 
different techniques and criteria for classifying the 
stream in this region are responsible for much of this 
disagreement. 

The same phenomena occur in noncircular sections, 
but the numerical value of the critical Reynolds num- 
ber is not the same as for circular pipes. The method 
of evaiuating a D and v term for the noncircular shapes 
accounts for the difference in Reynolds numbers. For 
example, the Reynolds number for flow across the tube 
bundle in a heat exchanger is the product of the out- 
side diameter of the tubes; the maximum velocity of 
the fluid through the smallest cross section of flow, 
conventionally evaluated as that between the tubes; 
and p/y. Critical value of Reynolds number for heat 
exchangers is in the order of 200. 

For flow through a packed tower, the Reynolds num- 
ber is the product of the diameter of the packing, the 
superficial average velocity, and p/z. Transition point 
appears to be around a Reynolds number equal to 30. 
Flow through annuli and other shapes of conduits be- 
have essentially as through circular pipes. 

At the extreme left of the friction factor chart 
Fig. 3, a single straight line describes the variation of 
f with Ne. up to a Reynolds number of 2,000. For 
laminar flow, the variation of f with N,. is inde- 
pendent of the type of pipe. Since Fig. 3 has loga- 
rithmic coordinates, the equation of the straight line is: 


log f = log 16 — log Nr. (17) 
Rewriting Eq. (17) by eliminating logarithms yields: 
f = 16/Nr (18) 


Substituting the value of f from Eq. (18) into Eq. 
(14) gives: 


4(16n/ Dvp) Lv? 32ulo 
29-D ~ 

The expression on the right in Eq. (19) is Poiseuille’s 
law, Eq. (9). As expected, Poiseuille’s law and Fan- 
ning’s equation give the same answer and either can 
be used when laminar flow prevails. 

For different pipes, the friction factor reaches an 
asymptotic value above Reynolds numbers from 10° to 
10’. In this range of Reynolds numbers, the friction 
factor becomes substantially independent of the Reyn- 
olds number. We may express this relation by: 


= ai(Nre)* 


F= (19) 


(20) 


Pipe Roughness Affects Friction Factor—Table | 


Roughness «, Ft. 


The value of a, and, thus, of f depends only on pipe 
roughness which is shown in Fig. 3 as the roughness 
ratio «/D. The ratio of «/D is usually determined by 
dividing roughness factor from Table I by pipe di- 
ameter. in feet. Flow in this region is fully turbulent. 
Turbulence and radial flow extend to the protruding 
roughness itself. Further increases in the fluid velocity 
do not alter the relative magnitude of the radial and 
axial components of the instantaneous velocity 
possessed by the fluid particles at any point. 

Between the region where laminar flow occurs and 
friction factor attains an asymptotic value, the degree 
of turbulence varies with the Reynolds number. 

Although the slope of the friction factor-Reynolds 
number relation varies continuously, an approximate 
equation for any one relative roughness may be written 
in the form: 

f = (21) 
The constant a. varies primarily with the relative 
roughness, but a, and b depend on the range of Reyn- 
olds numbers for which they are evaluated. They are 
approximately constant over short ranges, for example 
from 10‘ to 10° or from 10° to 10°, depending on the 
pipe under consideration. 

More elaborate expressions have been developed with 
additional terms to account for the curvature of the 
plots and to express a, as a function of the roughness 
ratio. However, the complexity of these expressions 
limits their usefulness and defeats their purpose. 

These plots represent the best statistical average of 
numerous data. Friction in a specific pipe can easily 
deviate +10% from that predicted by a plot such as 
Fig. 3. This deviation represents the influence of 
additional factors which do not appear on the plot and 
yet are known to influence the value of the friction 
factor. Some of these factors and their effects are: 

e Age and condition of the pipe. Pitting and scale 
increase the roughness and, hence, the friction. 

¢ Variations in actual pipe dimensions or round- 
ness. Since F varies essentially as 1/D* variation of as 
little as 1% in diameter can change the friction by 5%. 
Manufacturing tolerance in small pipe sizes or, a more 
likely cause, dirt deposits may create this variation. 
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“Buffalo”’’ Class “RR’’ Pumps 


For boiler feed and other high pressure, high temperature 
applications with clear water, “RR” Pumps deliver the 
utmost performance with an absolute minimum of 
maintenance. The unique “Buffalo” Class “RR” design 
is unsurpassed for consistent hydraulic balance. Rugged 
“Buffalo” construction features include efficient impellers 
— extra generous bearings and shafts — rigid casings 
with simply-formed passages to avoid friction losses — 
very deep stuffing boxes to accommodate more packing. 


“Buffalo” Type 

“RR” Boiler Feed 

Pumps for pres- 

sures up to 500 

psi. Available in two- 

stage and four-stage models. 
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AINTENANCE-FRZE 


These superior “Buffalo” design and construction 
features assure you of pumps that will stand up under 
continuous punishing service — that require practically 
no attention other than lubrication — that deliver more 
water at less cost for power. 

The “Buffalo” Class “RR” Pump is your best buy for 
clear water service — hot or cold — against heads as 
high as 1500 feet — at capacities up to 900 gpm. Ask 
your nearby “Buffalo” engineering representative for 
full information, or write us for Bulletin 980-D. 
“Buffalo” Pumps bring you the famous “Q” Factor — 
the built-in QUALITY that provides trouble-free 
satisfaction and long life. 


BUFFALO PUMPS 
Division of Buffalo Forge Co. 
501 Broadway e Buffalo, N. Y. 
Canada Pumps, Ltd., Kitchener, Ont. 
Sales Representatives in all Principal Cities 


A BETTER CENTRIFUGAL PUMP FOR EVERY LIQUID 
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PLANT 


Not No.2 No.4 
Tanks 
Pumps 3 | 
Inter- 
Meters locked 
Shut-off 
valves 
Interlocked _7 lank valves, 
~~~Reactor valves other 
tanks 
No.1 Reactors No.2 


Fig. 1 


Interlocks Add Safety to Solvent Systems 


With a multiple-chemical system, cross-connections may be possible. 


If inadvertent mixing is a hazard, consider interlocks to prevent it. 


Earl R. Wallace 


Safety Dept., Eastman Kodak Co., Kodak Park Works, Rochester, N. Y. 


With the increasing complex- 
ity of the chemical industry, pos- 
sibilities for serious accidents 
resulting from inadvertent cross- 
coupling of chemical lines have 
become more numerous. It has 
thus become even more essential 
that preventive measures be de- 
signed into the system. 

Apart from actually breaking 
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connections so that cross-coup- 
ling is impossible, mechanical 
interlocks are the most effective 
way of dealing with the problem. 
Interlocks have been used for 
many years in various industries, 
including the chemical industry. 
To cite a modern adaptation of 
this idea, the Kodak Park Works 
of Eastman Kodak Co. has a 


multiple-solvent-handling system 
in which any of several solvents 
can be transferred from a tank 
farm to any of several reactors. 
Interlocks have been worked out 
in such a way that cross-connec- 
tion is impossible. 

It would have been impractic- 
able to run individual lines and 
pumps from each tank to each re- 
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Valves using durable TFE resins 
turn easily, seal tight, can’t ‘‘freeze”’ 


Outstanding success in difficult service applications is 
typical of valves using components of TEFLON TFE- 
fluorocarbon resins. For example, over 60 ball valves 
with no lubricant other than TFE resin are being used in 
butane-propane service by La Gloria Oil & Gas Company 
of Falfurrias, Texas. Operating to 300 psi in a system 
where leakage cannot be tolerated, these valves use seats 
and stem gaskets of TEFLON TFE resins to assure tight- 
sealing characteristics and no-stick operation. The valves, 
manufactured by W-K-M Division of ACF Industries, 


ate us 


BETTER THINGS FOR BETTER LIVING. .. THROUGH CHEMISTRY 
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Inc., have been in operation up to three and one-half 
years with no reports of leakage or valve failure. 

Du Pont TeFLon TFE resins are rated for continuous 
duty up to 500°F. They are inert to virtually all chemicals 
and solvents. For engineering data and further examples 
of how TFE resins have made possible improved chem- 
ical designs and processes, write to: E. I. du Pont 
de Nemours & Co. (Inc.), Polychemicals Department, 
Room T-10615, Du Pont Building, Wilmington 98, Del. 
In Canada: Du Pont of Canada Ltd., P.O. Box 660, Montreal, Que. 


® TerLon is Du Pont’s registered trademark 
for its fluorocarbon resins, including the 


TFE-FLUOROCARBON RESINS 


TFE (tetrafluoroethylene) resins discussed herein 
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actor. In this case no harm would 
come from the small amount of 
mixing that would occur from 
residual material remaining in 
the common part of the system 
after a run. So the method used 
consisted in running individual 
lines from each tank to a mani- 
fold. The various reactors were 
then connected to the same mani- 
foid. An interlock arrangement 
made it impossible to open more 
than one tank valve to the mani- 
fold, and more than one reactor 
valve from the manifold. This 
prevented any possible cross-con- 
nection and made the system ab- 
solutely safe. 

Fig. 1 shows a diagram of part 
of the system in which six sol- 
vents can be supplied to any of 
four reactors. A _ centrifugal 
pump in each solvent line is 
automatically interlocked with a 
meter and a pneumatically oper- 
ated shut-off valve shown in Fig. 
2. To pump solvent—say, ace- 
tone—to any reactor, the guard 
over the meter face for acetone is 
unlocked and the meter set to the 
desired gallonage. The guard is 
then locked again. 

This makes the pump operable 
and opens the shut-off valve. 
Then, using the same key (one 
key per solvent), the operator 
proceeds to the manifold (Fig. 3) 
and unlocks the acetone valve. 
(His key cannot unlock the 
wrong valve.) He moves the slide 
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bar to the right, inserts the L- 
shaped wrench, slides the bar to 
the holding position, relocks the 
lock, finally using the same key 
to unlock the valve for the de- 
sired reactor. He inserts another 
L-shaped wrench, moves the 
lower slide bar to the left and 
then opens both valves by moving 
the wrenches to the horizontal 
position. 

Now, when the pump is started, 
the selected solvent can pass only 
to the desired reactor, with as- 
surance that it can travel only 
through the designated portions 
of the piping system. 


Floating Blanket Aids 
Deionizer Rinsing 


Gonzalo R. Serbia 

Chief Chemist, Research Dept. 
Luce & Co., S. En. C 
Aguirre, Puerto Rico 


In deionizing liquors such as 
sugar solutions and syrups, it is 
important to avoid loss or dilu- 
tion of the liquor remaining in 
the exchanger bed at the end of 
the exhaustion step. 

I have found that a good 
method of applying the rinse 
water, with hardly any dilution 
of the layer of syrup remaining 
over the resin bed, consists in 
introducing the rinse near the 
top of the column through the 
distributor used to collect the 
backwash. Floating on the top of 
the syrup surface is a 3 to 4-in. 
blanket of porous polyethylene 
floats in the form of 4 x 1-in. 
crosses. 

Plastic floats of this type are 
sold under the trade name of 
MiniVaps and are used to min- 
imize evaporation in tanks. 

This protective blanket breaks 
up the falling water into fine 
drops, distributing the water 
evenly over the heavier syrup and 
displacing it without any notice- 
able mixing. 

That this can be done with 
minimum dilution is shown by 
the very sharp interface which 
can be observed between the rinse 
water and the syrup. Rinse water 
used after the regeneration can 
be minimized similarly. 


Coming July 13: Improve Your Still With Foot-Valves 
By H. H. Sun, Winner of the May Contest 


* How Readers Can Win 


$50 Prize for a Good Idea—Until 
further notice the Editors of Chem- 
ical Engineering will award $50 
each four weeks to the author of 
the best short article received dur- 
ing that period and accepted for 
Plant or Process Design Notebook. 
Each period’s winner will be an- 
nounced in the second following 
issue and published in the third or 
fourth following issue. 
$100 Annual Prize—At the end of 
each year the period winners will 
be rejudged and the year’s best 
awarded an additional $100 prize. 


How to Enter Contest—Any reader 
(except a McGraw-Hill employee) 
may submit as many contest entries 
as he wishes. Acceptable material 
must be previously unpublished and 
should be short, preferably not over 
500 words, but illustrated if pos- 
sible. Acceptable nonwinning ar- 
ticles will be published at space 
rates ($10 minimum). 

Articles should interest chemical 
engineers in development, design or 
production. They may deal with 
useful methods, data, calculations. 
Address Plant & Process Design 
Notebooks, Chemical Engineering, 
330 W. 42 St., New York 36, N. Y. 
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National Fumaric Acid works wonders to improve the properties 
and upgrade of color and performance of polyester resins, alkyds, 
rosin adducts, drying oils, varnishes, plasticizers, etc. 


So that you can benefit by using this versatile dibasic acid without 
a price penalty on l.c.l. shipments, we now offer mixed car or mixed 
truckload shipments on combination orders with any National Resin 
Chemicals listed for shipment from plant or principal branch ware- 
house stocks. We’ll gladly send samples and quote on your needs. 


Maleic Anhydride + Fumaric Acid * Phthalic Anhydride + Adipic Acid 
Succinic Anhydride * NADONE® Cyclohexanone »* NAXOL® Cyclohexanol 
Tetrahydrophthalic Anhydride * Succinic Acid * Hexahydrophthalic Anhydride 
Dodecenylsuccinic Anhydride + NADIC® Anhydride +» NADIC® Methyl Anhydride 


NATIONAL ANILINE DIVISION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


Atlanta Boston Charlotte Chicago Greensboro Los Angeles 
Philadelphia Portland, Ore. Providence San Francisco 


1m Canada: ALLIED CHEMICAL CANADA, LTD., 100 North Queen St., Toronto 14 
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PRACTICE ... 


YOU & YOUR JOB EDITED BY R. F. FREMED 


Make That In-Plant Interview Count 


Many engineers already know how to sell themselves 


when they change jobs. But they don’t know how to evaluate jobs, 


or they probably wouldn’t be changing. This article 


You have passed over the first 
hurdle in getting a new job. The 
company has read your resume 
and likes what it says. Or, per- 
haps, you've successfully im- 
pressed an interviewer who was 
sent to your city to screen ap- 
plicants. In any event, you have 
now been invited to the plant for 
a closer look. 

This interview will probably 
determine whether you are actu- 
ally offered the job. In the midst 
of trying to sell yourself during 
this interview, you may forget 
that you should be finding out 
‘whether you will like the job, if 
you get it. 

At the end of the day you will 
know your own story well, since 
you'll have told it to half a dozen 
people. But what will you have 
found out about the company, the 
community, the job? Is this for 
you? Here’s how to obtain the 
information on which to base 
your decision. 


Preplan Your Day 


You should plan on arriving 
at the city the night before the 
interview. This will enable you 
to be rested and to be at the plant 
promptly at the beginning of the 
working day. 

On arrival, start finding out 
what the community is like. Buy 
a newspaper at the airport. After 
checking in at the hotel, hop into 
a taxi or rent a car (most com- 
panies will consider this to be a 
legitimate expense) and take a 
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offers you the experience gained in changing several times. 


Charles M. Oualline, Jr., Senior Engineer, Texas Instruments Inc., Dallas, Tex. 


look at the city. Residential dis- 
tricts should be tackled only in 
daylight. Night time is best for 
getting the feel of the downtown 
area. The business section is best 
managed on foot. 

When you arrive at the plant 
you will report, in most cases, 
to the personnel department. 
Here, basic company policies and 
benefit programs will be ex- 
plained. Be sure to ask questions 
about anything that isn’t clear. 
Find out the position of the de- 
partment you are interviewing 
in relation to other departments. 

Ask that a simple organization 
chart be drawn showing the de- 
partments you will visit and the 
function of the people you will 
talk to. Not only will this help 
you to understand the situation 
better, but also your sales story 
will be much stronger if it is 
altered slightly to fit each in- 
dividual. 

Personnel is a good place to 
get information about the city. 
Ask that a map and some Cham- 
ber of Commerce literature be 
ready for you later in the day. 
Usually, someone will be expert 
in the local housing situation. 
Try to find out about areas that 
people of your position usually 
live in. Plan on driving through 
these areas if time is available 
before leaving the city. 


Use Truth and Caution 


A member of the personnel 
dept. will usually escort you to 


interviewer. 
walk with him, glance at your or- 
ganization chart, so that you may 
know the next man’s name and 
also in what field he works. You 
certainly wouldn’t want to tell 
how much you liked research to 


the next As you 


the head of process design. 
(Your author once went through 
this unfortunate experience. ) 

You will usually visit more 
than one department. Most will 
be potential employers. However, 
one or two will be on the list 
merely to give the company addi- 
tional impressions of you. 

All should be treated equally. 
But don’t sell yourself as having 
a burning interest in a depart- 
ment where you are really only 
mildly interested. You might get 
an offer there. And you might 
foolishly take it. Certainly, this 
could be disastrous. But be sure 
you know exactly what the de- 
partment is and does before you 
decide that you don’t want to 
work there. 

When you reach a department 
of definite interest ask that an 
organization chart be drawn near 
the beginning of the interview. 
Find out what the department 
does. How does it work with 
other departments? 

Your initial assignment can be 
mighty important. A number of 
people will acquire some rather 
firm opinions about you on the 
basis of how you handle it. Dis- 
cuss possible future assignments. 
A good evaluation can be made 
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YOU & YOUR JOB... 


based on projects the department 
is working on now. 

Don’t be surprised if the 
answers you receive are general. 
The work may be classified. But 
find out as much as you can with- 
out appearing “nosy.” You don’t 
want to find yourself working on 
a drafting board after you 
thought you were going to be 
hired as a trouble-shooter. 


Size Up Your Boss Carefully 


The most important man you 
will meet is your future boss. 
Size him up carefully. He will 
make you or break you in the 
company. 

Does he have peculiar manner- 
isms you can’t stand? Is he ar- 
bitrary and dictatorial? You can 
learn a lot about him in the ap- 
proximately half an hour you will 
talk to him. Your task will be to 
decide if your relationship with 
your new boss would wear well 
in the long run. 

If he gets tied up on an ex- 
tended telephone call or other- 
wise, you have a golden oppor- 
tunity. Ask his secretary to show 
you around the department and 
introduce you to some of the en- 
gineers working in it. A short 
conversation with them may give 
you a surprisingly different ver- 
sion of the department, what it 
does and what kind of man the 
boss is. Of course, a great deal of 
tact is necessary to do this suc- 
cessfully. 


These Are Fair Questions 

Your chances of advancement 
are very important to you. A fair 
question that you can put to your 
future boss is “Where do you 
think I will be five years from 
now if I make average prog- 
ress?” 

Of course, you will make better 
than average progress, but he 
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(1951, 1955). At Texas Instru- 
ments he is now senior engineer, 
development dept., semiconductor- 
components div. in Dallas. His pre- 
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Southwest Research Institute, Dow 
Chemical and the Celanese Corp. 
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doesn’t know it yet. After he has 
committed himself on this one, 
ask him “where now are the en- 
gineers with my experience and 
education who started with the 
company five years ago?” This 
gives you a double check. How- 
ever, these two questions are 
about as far as you ought to pur- 
sue this line. 

Although working place is of 
secondary importance, it can still 
have a definite effect on the quan- 
tity and quality of your work. Is 
the place quiet and well lighted, 
or wil] you be placed in a noisy 
bull-pen? Is the job a desk job, 
or will you be outdoors working 
with equipment occasionally? 


Old Equipment Tells Tales 


At some time during the day 
you’ll be taken on a plant in- 
spection tour. You won’t learn 
anything new about the process 
because: 

eEither you can read all 
about it in a standard reference 
text or a business publication. 

¢The process will be secret 
and you'll be carefully steered 
through only “safe” areas. 

But you can learn a lot about 
how the plant is operated. This 
will be especially indicative of the 
competence of management. 

Ask about the age of process 
units. The number of units built 
within the past five years will 
testify to the growth of the com- 
pany. Are the units operating at 
capacity? Several units operat- 
ing at low rates may indicate no 
expansion in the immediate 
future. Was good engineering 
used in the design of the proc- 
ess? Don’t forget that produc- 
tion units are the major products 
of the engineering department. 

A very important factor in the 
success of the company is the 
morale of the operators. Engage 
an operator in casual conversa- 
tion. You will soon sense whether 
he is happy or not. Housekeep- 
ing is another good measurement 
of management practice. 

At the end of the day you’ll be 
returned to personnel. Here is 
your chance to pick up that 
literature about the city and to 
ask any additional questions you 
may have thought of during the 
day. If you are going to be in 
town that night, many companies 
will arrange to have someone 
escort you. In any event, you 


should try to see as much of the 
city as you can before you leave. 

After the interview, write 
down your impressions in a note- 
book. Don’t rely on memory, 
especially if you visit several 
companies. You’ll find your writ- 
ten record invaluable in choosing 
among several job offers. 

After about three weeks of 
waiting, a letter comes from the 
XYZ Chemical Co. You have 
made the grade. You are offered 
a position in the process design 
department as a design engineer 
reporting to Mr. Jones. The com- 
pany wants you. 

But do you want the company ? 


Consider These Factors 


If you are lucky enough to re- 
ceive multiple job offers, make a 
comparison chart of these impor- 
tant factors: 

eSalary. Be sure to reduce 
all offers to a common basis, add- 
ing in the actual cash value of 
benefit programs such as paid in- 
surance, matching-savings pro- 
grams, stock participation, etc. 

¢ The job. Do you really like 
the type of work? Or maybe 
you are an outdoor man who is 
being offered desk work. 

eThe company. Would you 
be proud to wear the name tag of 
this company at a professional 
meeting? 

¢ The boss. Could you work 
for this man without personality 
clashes ? 

e Advancement. Is the com- 
pany growing? Have engineers 
who have been with the company 
for several years been advanced 
to better positions? 

e Living conditions. Are you 
a confirmed Yankee who would 
be living in a southern city? 
What about the cost of living? 
Would your wife and children 
like to live there? 

After careful consideration, 
the XYZ Chemical Co. appears to 
be best on most counts. Pick up 
the telephone and let them know 
that you are glad that you are 
coming to work for them. Above 
all, don’t look back at the other 
offers and consider what you 
might have had. Good luck on 
your new job. 
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Don’t let rising process heats ruin your refractories 


imagination with Alcoa Aluminas 


The steady increase in general process temperatures poses no problem at all for refractories fortified with 
Atcoa® Aluminas. Their refractoriness rises in direct proportion to the amount of alumina in their composition. 
These high-purity aluminum oxides also add greatly to strength and stability under load at elevated pare aininniaiy 


And high-alumina refractories are chemically stable, immune to both oxidizing and reducing 
atmospheres. They offer just one more illustration of the many good reasons why makers 
and users of a variety of products have found it pays to mix imagination and engineering 
with Alcoa Aluminas . . . to make an old product better or a new product possible. Discover 
what Atcoa Aluminas can do for your own product or process. Outline your requirements 
in a letter to ALUMINUM COMPANY OF AMERICA, CHEMICALS Division, 706-F Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


For finer products...let Alcoa add new dimension to your creative thinking! 
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For exciting drama, watch 

“Alcoa Theatre,” alternate 
Mondays, NBC-TV, and “Alcoa 
Presents,” every Tuesday, ABC-TV 
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PRACTICE... 


OPERATION & MAINTENANCE ».0-novan 


Study Your Operations 
To Boost Productivity and Cut Costs 


© Increased output by 50% with an annual saving of $3,500 in a drum-washing operation. 
© Manpower reduced 50% in a bagging operation. 
© Output increased in a fertilizer plant by 8°¢ with a labor reduction from 1,020 to 715 men. 


© Raised output/man-hour by 50°, in a chemical plant with 6% lower gross wages. 


OES the idea of digging for gold in your back- 
ID yard appeal to you? If that’s the case, there’s 
a pot of gold to be found right in your own plant. 

Just think of how much room there is for im- 
provement in the way things are being done and 
handled in the place you know best: your own oper- 
ations. Put on those special cost reduction glasses 
and then sit down and study what’s going on about 
you—whether it’s actual chemical manufacturing, 
quality control, materials handling or routine main- 
tenance—you'll see a host of ways to improve 
methods and cut costs. 

Very simply, we’re saying you should undertake 
a systematic and detailed study of your operations 
with the object of increasing productivity. The 
two things you are after are: the most effective 
use of plant and material resources; and the most 
effective use of human effort. 

This type of study is applicable to virtually any 
kind of work and, in one form or another, you can 
use this technique in every situation where me- 
chanical or physical work is performed, or an op- 
eration carried out. 

Areas to pick from are integral parts of your 
plant operations. Consider, for example: 

? Yields from chemical processes. 

¢ Material utilization and control. 

¢Planning and programming. 

¢ Statistical quality control. 

e Weight control. 

eSteam generation. 

These and many others are the places where 
dollar savings lie. However, there are many or- 
ganizations who either don’t appreciate the value 
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of this approach to increasing productivity or don’t 
consider themselves large enough to be able to 
apply these techniques. 

With this in mind we are going to show you 
how, and with what results, this type of study ap- 
plies to the small plant or process. We won’t even 
try to show what work study, work simplification, 
methods study (call it what you like) is, nor will 
we describe any of its techniques. Our aim is to 
describe some of the results. 

Some of the examples may seem too simple, but 
they do point out that savings can be achieved from 
quite minor operations. They are examples of the 
war of attrition on wasted effort. Substantial im- 
provements in productivity are usually the cumu- 
lative result of a series of minor improvements. 

In general, costs can be reduced by increased 
plant layout, reduced labor requirements or im- 
proved plant utilization and layout. Principal 
technique used in these examples involved chart- 
ing every activity associated with each process, 
followed by critical examination and study. 

A team approach is probably best. But, a team 
made up of various plant personnel. This means 
you, the production or maintenance supervisor, 
should be sitting on it as well as the process engi- 
neer, the design man, or other qualified engineers. 

A trained engineer in this field is ideal but in 
most plants it’s pretty tough to find one. To be 
sure, this man wouldn’t be a luxury—he’d more 
than earn his keep. However, the main point to 
keep in mind is that this type of work requires 
many diverse talents and backgrounds to accom- 
plish the task successfully. 
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SYMONS® PRIMARY 
GYRATORY CRUSHERS 


NORDBERG ENGINES 
TO OVER 11,000 H.P. 


SYMONS TRACK MAINTENANCE 
VIBRATING SCREENS 


NORDBERG MANUFACTURING COMPANY, Milwaukee 1, Wisconsin 


NORDBERG 
GRINDING MILLS 


serve modern concentration plant 


Here, stretching almost a quarter of a mile, are 
27 Nordberg Rod Mills and 27 Nordberg Ball 
Mills in the largest iron ore mill installation in 
the world. These Nordberg Grinding Mills re- 
duce hard, abrasive Taconite Iron Ore to the 
fineness of flour. Four additional Nordberg mills 
serve as reserve replacement units. 


This is an outstanding example of the way in 
which Nordberg Grinding Mills, in sizes froin 6 
to 13 feet in diameter and up to 50 feet in length, 
are successfully serving the ore, mineral, cement 
and chemical processing industries of the world. 


Years of specialized experience in the design, 
manufacture and installation of process machin- 
ery assure you that Nordberg machinery and 
‘**know how” can add efficiency and economy to 
your processing operations. 


For complete details, write for the 
Nordberg Grinding Mill Bulletin 232, 
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4 Here then are three cases of what this type of 
4 intensive study has accomplished. Two of the ex- 

4 
Old method was reduced a third i 


amples deal directly with production while one 


with maintenance. 
Material A 


The examples could just as 
: : well have dealt with any other facet of plant oper- 

t 


ations from materials handling, to packing, to office 
rocedures. 
Mother liquor pumped from weily P 


Heated 


A into reaction tank 


Live steam 


Production .. . 
Materiol (3) into. reaction. tank . Increased Output With Reduced Costs 
Material.C .. (4) c About 800 tons/year of a product are made on 
: it (Continued on p. 204) 
(s) Agitated with air 4 
is 
(6) Reacted 
i 
at 
Chemically tested 4 
Live steam H O Operation > Transportation Inspection 
Material A (s) V Storage D Delay 
Material Cc (9) More Cc added ‘ 
live steam (10) Reacted and boiled, 
as 


& Chemically tested 


New process increased production 
Saturated solution 


Material A (1) A into reaction tank i 

Mother liquor from 
Siphoned to crystallizing pans aver tank 
Crystallized 


Materials B and C 


B and C added together 


(3) Reacted 


Crystalline product 


Mother liquor siphoned off 


i Heated : 
Live steam _, (4) 
Chemically tested 
Coarse crystals put Fine crystals put 
on washing tray on washing tray 
Water (15) Washed (16) Washed 


Siphoned to crystallizing pans 


Crystallized 
Crystalline product 


Transferred to drying tables 


Drums 
(22) Crystals turned while drying 
Dried 
——» Steam from product (>) 
| 4) To packing station : 
Drums (24) Packed into drums 
Drums 
(25) Weighed and lid puton 


° 
° 
3 


In store 
Fig. | 
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Kemp Dryer protects instrument 
lines at —25° for Quaker State’s 
Farmer’s Valley, Pa. plant. Fully 
automatic operation saves time and 
manpower, yet provides dependable 
service on a 24 hour basis. 


For “set it and forget it” gas drying— 


Come Kemp 


Here’s the nerve center of every Kemp Fully 
Automatic Gas Drying Unit. Drying process 
gasses and inerts . . . air for pneumatic instru- 
ments and tools . . . liquids . . . for pressurizing 
anhydrous liquids . . . this panel controls the 
Kemp Dryer surely and safely. Once timed to 
meet your program, it provides efficient drying on 
a continuous basis, without worry or excessive 
maintenance. 

Note the precision with which even the wiring 
is connected. It’s typical of the thorough work- 
manship going into every component of the Kemp 
Dryer. Kemp Dryers are built with care; built to 
last and perform year after year with dependabil- 
ity resulting from a quarter century’s experience. 


Inert Gas 
Generators 


Convection 


Whether your operation calls for a completely 
automatic Kemp Dryer, a semi-automatic model, 
or a simple, manually operated unit, there’s a 
model and capacity to meet your needs. Kemp 
Field Engineers will gladly study your problem 
and make complete recommendations, even down 
to the proper desiccant (we select from over 20) 
to do your job best. 


Your Kemp Representative is listed 
in Chemical Engineering Catalog. 
Give him a call for more information, 
or write direct for Bulletin I-10. THE 
C. M. Kemp Merc. Co., 405 East 
Oliver St., Baltimore 2, Md. 
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Close study of this maintenance job on a 


Electrician 
and mate 


Process 
men 


Fitter 
and mote 


Rigger 


Remove 
heaters 


Release 
vessel 
top 


Workshop 


repairs Fix tackle 


Remove top 


Inspect or 
adjust 
catalyst 


Replace top 


Remove tackle 


Replace 
heaters 


Fig 3 


continuous shift in two plants differing only in 
size. One produces about twice as much as the 
other. 

The process is simple: A batch chemical reac- 
tion followed by crystallization, washing, drying 
and packing into drums. 

Now, here’s the problem. The sales department 
asks for an increase in production. to 900-1,000 
tons/year at reduced costs. How can it be done? 
To start, an investigation is necessary. A team 
is made up of various members of the plant staff. 
They have to decide whether or not production 
methods can be improved to get the increased out- 
put from only one plant, therefore, giving the re- 
duced costs. They also have to determine whether 
there can be any further reduction in costs by 
reducing labor requirements. 

Let’s see what they did. 


Original Method is Complex and Time Consuming 


Material A is charged to a reaction vessel. Some 
mother liquor from previous crystallizations is 
pumped up from a well by a steam ejector and the 
whole is then heated with live steam for 20 min. 
to 85 C. 

Two other ingredient-, B and C, are added sepa- 
rately and the mixture agitated with compressed 
air. The reaction is then allowed to proceed for 
24 hr., after which a chemical test is done. 
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Hour 


multiple activity chart cut the time by 33% 


Fitter 
and mate 


Process 
men 


Electrician 
and mate 


Rigger 


Release 
vessel 
top 


Remove 
heaters 


Fix tackle 


Remove top 
Workshop 


repairs 
Inspect or 
adjust 
catalyst 


Replace top 


Remove tackle 


Secure 
vessel 
top 


Replace 
heaters 


Saved 2hr. 
(33%) 


Again, the batch is heated with live steam and 
further small amounts of ingredients A and C 
added, depending on the result of the chemical test. 
The reaction proceeds for a further short period, 
after which the batch is boiled to remove a gaseous 
product of the reaction. A second chemical test is 
made to check that the batch is up to specification. 

Next, the batch is siphoned to crystallizing pans. 
After a period of crystallization, depending on 
ambient temperature, the mother liquor is siphoned 
off and sent back to stock. Coarse crystals are 
separated from the fine by hand and both washed 
on trays, drained and stored temporarily in drums. 

Later they are placed on drying tables in a 
steam-heated drying room; it’s necessary to turn 
the crystals over during drying. Finally, the two 
sizes of crystals are packed into drums and 
weighed. 

These activities are shown in a flow process chart 
in Fig. 1. 


New Method Cuts Costs by Streamlining the Process 


By critically examining the flow process chart, 
the team found where the sore points were: the 
work involved in adjusting the composition of the 
solution to meet the specification before crystalliza- 
tion (operations 7, 8, 9 and 10) is difficult, time- 
consuming and could perhaps be eliminated. 

Further, washing the crystals on trays and dry- 
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Now you can predict service life because Byers PVC Pipe Engineering brings a factual approach to piping system design 


Extensive 
ACT stesting 
program is basis for 


working pressure 
recommendations 


Laboratory and field experience have 
shown that it is absolutely essential to 
test the extruded pipe to determine its 
physical properties. 

So, Byers PVC Pipe undergoes continu- 
ous testing. Various test methods are used 
to determine effective tensile, and the life- 
time of Byers PVC Pipe under certain 
pressure-temperature conditions. We give 
particular emphasis to long term tests. 
And the test specimens are our own ex- 
truded pipe. 

Our recommended pressures are usually 
about 10% of burst pressure rather than 
the frequently recommended 20%. Safely 
below the creep range, our values are 
dependable. That’s why you should con- 
sider Byers PVC Pipe—Type I or Type 
II—for your plant services. Call our field 
service representative for the entire PVC 
story. A. M. Byers Company, Clark 
Building, Pittsburgh 22, Pa. 


RECOMMENDED WORKING PRESSURE VS 


MPERATURE 


i 
—+@ 


OPERATING TEMPERATURE IN DEGREES F. 


To convert our test results into good design practice, you must 
consider static test loads vs. installed dynamic loads—the experi- 
mental variation and the indeterminate loads of actual operation. 


‘B BYERS PVC PIPE 


ALSO SHEET AND ROD STOCK 


Write our Engineering 
Service Department for 
copy of this new 32- 
page illustrated cata- 
log on Byers PVC Pipe. 


y 


3 
TYPE PLAIN END ane 
j 
f 
| 
| 
| 
q 


OPERATION & MAINTENANCE .. . 


ing them in a drying room (operations 13-24) ap- 
pears wasteful in steam, labor and time. 

The group then carried out some experiments 
to determine the effect of using a centrifuge for 
extracting the residual mother liquor and for wash- 
ing and drying the crystals. Unfortunately, by 
this method, the final product doesn’t comply with 
existing specifications. 

Of course, the next step is to question the need 
for such stringent specifications. They found a 
less stringent specification is being used at another 
works of the company and satisfying customer re- 
quirements. This means the centrifuge can be 
used. 

Critical examination also revealed two sizes of 
crystals are no longer necessary. 

An improved method was developed, based on: 

¢ Eliminating the work involved in adjusting 
the composition of the solution before crystalliza- 
tion. 

e Using an available second-hand centrifuge 
for washing and drying the crystals. 

eEliminating the two different sizes of 
crystals. 

A flow process chart of the improved method is 
shown in Fig. 2. 

In this method, material A and the mother liquor 
are added to the reaction vessel. Materials B and 
C are now added simultaneously. The reaction 
then proceeds for a predetermined time, as before, 
and live steam is turned on for a short period to 
ensure completion of the reaction. This is checked 
by chemical test. 

Saturated solution is then siphoned into pans 
for crystallization as before. Now, however, after 
crystallization the pans are moved mechanically 
to the centrifuge where the contents of each, irre- 
spective of crystal size, are freed of mother liquor, 
washed and spun dry. 

Final product is then packed into drums and 
sent to storage. 


Results Point to Cost Savings 


Production was increased to 1,000 tons/year 
from only one plant working two shifts/day, com- 
pared with only 800 tons/day from two plants 
working three shifts/day. 

Savings are accrued from the reduction in labor. 
First, because only one plant is now in operation. 
Second, because there’s less handling by the im- 
proved method. Using the centrifuge saves on 
steam required for the drying room. 

Total saving ran to about 15% on the works 
cost/ton. In the course of a year, this corresponds 
to several times the capital cost required to make 
necessary alterations. 


Maintenance .. . 


. « « Reducing the Downtime on a Catalytic Converter 


During the running-in period of a new catalytic 
converter in an organic chemicals plant, it was 
necessary to make frequent checks of the condi- 
tion of the catalyst and to make such adjustments 
to the catalyst as necessary. 

To ensure the downtime on the converter at a 
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minimum, the job was studied to find the best se- 
quence of carrying out various parts of the work. 


How It Was Improved 


The method used at first is shown by a multiple 
activity chart in Fig. 3. Removal of the vessel 
top wasn’t started until the heaters had been re- 
moved; and, likewise, replacement of the heaters 
—— started until the top had been completely 

xed. 

Critically examining the facts showed by the 
chart of the original method disclosed it wasn’t 
necessary to remove or replace the heaters inde- 
pendent of the other work. 

By unfastening the top while the heaters are 
being removed and replacing the heaters while the 
top is being secured in place, the time the converter 
is out of service is reduced by nearly two hours. 

The importance of reducing the time a major 
unit of production is out of service needs no em- 
phasis. Sequence of operations in the improved 
method is illustrated in Fig. 4. 


Production ... 


- - « Increased Output With No Investment 


In a chemical plant, a certain process was run- 
ning at full capacity, 24 hr./day, 7 days/wk. How- 
ever, the word came down: substantially increase 
the output. 

To obtain this increase, large plant extensions 
were planned costing about $15,000. Before any 
expenditure was made, it was decided to study the 
job to see whether the extra output was obtainable 
without so much of an extra investment. 

Essentially, the process consisted of: 

1. Mixing two materials in a precipitating vat. 

2. Filtering the precipitate through a filter 
press. 

3. Removing the solid from the press, putting 
it into a vessel, adding water and heating to effect 
a wash. 

4. Passing the wash through the filter press 
again to remove water 

5. Drying the subsequent solid on hot plates. 

By this method it is possible to produce two 
batches in 24 hr. 

Study of the process revealed two salient points. 
First, that 4 hr./batch was used in step 3 in heat- 
ing up water and, second, that the precipitating 
vat wasn’t in use most of the process time. 

Therefore, the precipitating vat can be used, 
when normally vacant, for heating water to use in 
step 3. 

Result of this is to reduce the total process time 
to8hr. Thus a 50% increase in output is obtained 
for virtually no cost and a projected capital expen- 
diture of $15,000 saved. 

This process is run by shift workers on an 8 hr. 
shift and so an added advantage of the new method 
is that each shift is responsible for making and 
completing its own batch. 


This article is based on a booklet titled “Notes on Work 
Study 3—Case Histories” published by the Association of 
British Chemical Manufacturers. This booklet is the third 
in a series, the first two of which were titled “How to Get 
Started” and “Some Results.” 
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“ CORROSION FORUM EDITED BY R. B. NORDEN 


Physical Properties 
Density, g./c.c. 
Melting point 4, 480 F. 4,350 F. 4,550 F. 
e Fansteel 80. ** Fansteel 82. 
Important Short-Time Elevated 
Temperature Properties 
Scaling at 2,000 F. (16 hr.) 0.10 cm. 0.01 cm. 
Yield strength 2,000 F. (argon) N.A. 40 , 300 psi. 
Ultimate strength 2,000 F. (argon) N.A. 44,700 psi. 
Elongation (% /in.) 2,000 F. (argon) N.A. 8 
Yield strength 2,000 F. (air) N.A. 27 ,400 psi. 
Ultimate strength 2,000 F. (air) N.A. 29 ,600 psi. 
Elongation (% /in.) 2,000 F. (air) NLA. 2 
Yield strength 1,600 F. (air) N.A. 39, 600 psi. 
Elongation (% /in.) 1,600 F. (air) N.A,. 4 
Ultimate strength 2,400 F. (air) N.A. 11,700 psi. 
Important Long-Time Elevated 
Temperature Properties 
10 hr. stress-to-rupture 
2,000 F. (argon) N.A. 26,000 psi. 
100 hr. stress-to-rupture 
2,000 F. (argon) 18 ,800 psi. 17,500 psi. 
500 hr. stress-to-rupture 
2,000 F. (argon) 11,000 psi. 13,500 psi. 
Reversed bending fatigue 
2,000 F. (argon) 1 x 10° 
cycles cycles 
30,000 psi. 30,000 psi. 


Two New Alloys 
Overcome Cb Bad Points 


These columbium-based alloys have superior 


oxidation, high-temperature properties. 


Columbium (niobium) is a 
metal loaded with potentialities, 
but with many disadvantages for 
process use. However, this pic- 
ture takes on a brighter hue with 
the introduction of Fansteel’s 
new Cb-alloys. These commer- 
cially-available alloys are speci- 
fically designed to overcome 
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many of columbium’s bad points. 

Oxidation is the big killer for 
columbium. The metal has high 
strength, but starts to slowly 
oxidize at around 450 F. At 740 
F. a white oxide appears on the 
surface. And Cb-oxide formation 
increases rapidly as temperature 
goes up. This is why columbium 


is not rated very highly as a 
heat-resistant metal. 

> Alloy Better Than Pure Cbh— 
Fansteel claims their Cb-Ta-Zr 
alloy is much superior in this 
respect (see table). In flowing 
air at 2,000 F. for 16 hr., the new 
alloy shows scaling of about 0.01 
cm., compared to 0.10 for colum- 
bium. So here, apparently is a 
heat-resistant columbium-based 
material—this will probably be 
the first of a long series of such 
alloys. Fansteel is working on 
other alloys, and it’s known that 
most Cb-producers are very ac- 
tive in this area. 

As the table above indicates, 
Cb-Ta-Zr is a heavy metal, with 
a density of 10.26 compared to 
8.57 for columbium. The Cb-Zr 
alloy was developed to get around 
this. It is about as heavy as 
columbium, but with a higher 
tensile strength at room tempera- 
tures. However, the removal of 
Ta lowers oxidation resistance. 
Cb-Zr alloy is comparable to pure 
columbium in resisting oxide 
formation. 
> Room for Improvement—Few 
data are available now on cor- 
rosion resistance of the new ma- 
terials. Preliminary laboratory 
tests show that resistance will 
be better than pure columbium. 

Actually the pure metal is no 
great shakes as a _ corrosion- 
resistant material, so there is 
room for improvement. 

Columbium has a high degree 
of resistance to most acids, the 
exception being 10% oxalic, hot 
concentrated hydrochloric, sul- 
furic and phosphoric acids. 
Columbium is not resistant to 
alkaline solutions—5% NaOH 
or KOH and 20% Na.CO,, al- 
though it’s good against NH,OH. 

Both alloys are easily fabri- 
cated at room’ temperature. 
Both are easily welded. 
(Corrosion Forum continued on 
p. 210). 
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A PUMP IS ONLY A PUMP...BUT A DURCOPUMP IS A... 


-.- CALL IT WHAT YOU WILL, BUT 


for dependable performance and long service life with minimum maintenance 
costs, Series H Durcopumps are in a class by themselves. They are designed and 
built to give long, trouble-free life when handling tough corrosive solutions. A 
large, rugged shaft and heavy duty bearings insure minimum shaft deflection, and 
provide long seal or packing life. Integral suction and discharge with casing sup- 
port makes for easy three-step, one-trade maintenance. DURCOPUMPS are avail- 
able in twelve standard corrosion resisting alloys with capacities from 1/, to 3500 
gpm, and heads to 345 ft. 


THE DURIRON COMPANY, INC. 
DAYTON, OHIO 


Branch Offices: Baltimore, Boston, Buffalo, Chicago, Cleveland, Dayton, Detroit, Houston, 
Knoxville, Los Angeles, New York, Pensacola, Philadelphia, Pittsburgh, and St. Louis. 
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CORROSION FORUM... 


20 Cr-9 Ni, 20 Cr-9 Ni; 20 Cr—9 Ni; 
3.25 Si, 1.5 Si, 3.5 Si, 
4 Mo 3.5 Cu, 3 Cu, 
5 Mo® 4 Mo* 
Hold Strength 
at High Temperatures 
Form Cast Cast Cast 
Temp., °F. 1,300 1,300 1,300 
Tensile strength, 

1,000 psi. 75.4 63.5 50.1 
Yield strength, 

1,000 psi. 36 32.5 33 
Elongation, Y% 28.5 22 19.8 
Area reduction, % 42 24 38 

Corrosion 

Resistance 

Good for Acids 
Hardness, BHN, 

70 F. 341 293 415 
Charpy K impact, 

70 F. 4 35 4 
50% H.SO,, 

70 F., ipm. 0.00009 0.00007 0.00003 
5% HCI, 

70 F., ipm. 0.0196 0.0012 0.0126 
65% boiling HNO;, 

ipm. 0.00654 0.0398 0.00776 
10% FeCl; + 0.1% HCI, 

70 F., ipm. 0.90004 0.0654 0.0180 


a. PH-55A; b. PH-55B; c, PH-55C 


New Stainless Steels 
Resist Pitting, Abrasion 


Three precipitation-hardening 18-8 steels combine 
extreme hardness with corrosion resistance. 


Aimed specifically at chemical 
applications, three new precipi- 
tation-hardening 18-8 stainless 
steels are now available for se- 
vere abrasive-corrosive service 

These are Cooper Alloy’s 
PH-55A, PH-55B, PH-55C. 

Originally precipitation-hard- 
ening steels were not developed 
for severe corrosive service (see 
Chem. Eng., June 2, 1958, p. 
134). Their big advantage is 
high strength without severe 
cold working. In line with a 
growing trend, the PH-55 series 
has both high-strength and ex- 
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cellent corrosion resistance. The 
obvious area of application: 
handling of corrosives contain- 
ing abrasive solids. The new 
alloys are particularly resistant 
to pitting. 

> Better Than 316—As the table 
above shows, PH-55C is best of 
the three for corrosion resist- 
ance, although it is harder and 
less ductile than PH-55A. PH- 
55C has it all over Type 316 
stainless, for instance, in 50% 
room temperature H.SO,. Type 
316 dissolves in this environ- 
ment. 


Very roughly the new steels 
compare to CD4MCu precipita- 
tion-hardening alloy in corro- 
sion resistance. 

The CD4MCu metal is an Al- 
loy Casting Institute develop- 
ment and has been available for 
a number of years. It contains 
25-27% chromium, 4.75-6.00% 
nickel, 0.04% carbon max., 1.75- 
2.25% molybdenum, 2.27-3.25% 
copper, 1% silicon max., 1% 
manganese max. It was de- 
signed for acid service. 

In contrast the PH-55 mate- 
rials contain varying amounts 
of silicon, copper and molyb- 
denum (see table). 

CD4MCu is somewhat better 
in 65% boiling nitric acid than 
the PH-55 alloys (0.00119 vs. 
PH-55A’s 0.00654 ipm.). But in 
sulfuric acids, the new series 
has greater resistance (0.00167 
vs. PH-55A’s 0.00009 ipm. in 
room-temperature 50% © sul- 
furic). 

CD4MCu is only available in 
cast form. The PH-55 series is 
primarily produced as castings 
but rolled bar stock has been 
made of A and C. The B alloy 
is very difficult to work. 
> Holds Strength—Another big 
selling point for the new alloys: 
high strengths at elevated tem- 
peratures (see table). Tensile 
and yield strengths are gener- 
ally higher than usual precipi- 
tation-hardening alloys at 1,000- 
1,400 F. (CD-4MCu has a tensile 
strength of 34,750 psi. at 1,300 
F. compared with 50,100 for 
PH-55C). 

Also, Cooper Alloy claims the 
new alloys retain their “hot 
hardness” after long exposures 
to 1,400 F. After 50 hr. at 1,400 
F., PH-55A has a Brinell of 
402, PH-55B has a value of 293 
and PH-55C is at 430. At room 
temperatures these values are 
341, 293, 415 respectively. 
> How It’s Hardened—One of 
the big advantages of precipita- 
tion-hardening steels is they can 
be hardened and strengthened 
by a relatively simple heat treat- 
ment. The only way you can 
build strength and hardness into 
the usual 18-8 stainless is by 
cold working—an _ expensive 
and not always. satisfactory 
process. Also, cold-working 
limits such strengthening to 
wrought forms only. 

The PH-55 series is hardened 
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Employee is adjusting the flow valve; shown are the vacuum pumps on 
which 6” and 10” expansion joints are installed. 


655 is a lot of joints 


-» -“U.S.” EXPANSION JOINTS THAT IS! 


655 Expansion Joints are installed in the new Mill Creek 
Sewage Works of Cincinnati, Ohio. 

Mill Creek, largest of the three completed sewage plants 
in the city, is one of five plants that will treat 120 million 
gallons of sewage per day. 

A “U.S.” Expansion Joint is placed between the sewage 
pump and a long run of cast iron pipe—a total of 1639 
tons — to stop vibration and to take the weight off the pump 
itself. The “U.S.” Joint assures expansion or contraction of 
the long pipe. U.S. Rubber Expansion Joints are used ex- 


Mechanical Goods Division 


Close-up of the 6” joint in the sludge heat building, with the 
10” joint in the immediate background. 


clusively—to the total of 655. Any breakdown of pump or 
pipeline would bring plant operation to a halt. “U.S.” Expan- 
sion Joints have proved their reliability since they were 
invented by U. S. Rubber. Hundreds of these joints — on the 
job 30 years and more in many industries—continue to prove 
their durability and reliability. 
e e 

When you think of rubber, think of your “U.S. Distributor. 
He is your best on-the-spot source of technical aid, quick 
delivery and quality industrial rubber products. 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. 
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In Canada: Dominion Rubber Company, Ltd. 


| 
EXPANSION JOINTS | 

| 
| 
| ye 
| United States Rubber —_— 

211 


CORROSION FORUM... 


by a heat treatment which pre- 
cipitates hardening elements 
such as Cu and Mo. At the same 
time a finely dispersed sigma 


Explosive Forming of 
Metals Scores Gains 


High-energy forming of 
metals is a development 
which bears watching. In in- 
creasingly successful tests, 
hard-to-form alloys have been 
shaped in 15 min. compared 
with 8-10 hr. by conventional 
methods. 

In the process, a metal part 
(titanium, cobalt alloys) is 
placed in a die, the assembly 
lowered into a_ water-filled 
pit. Explosive is then placed 
in the die and detonated. 
The explosion forces water 
against the part and into the 
shape of the die. Water blows 


out’ the top (above, Ryan 
Aeronautical, San Diego, 
Calf.). - 


phase forms. The alloys are 
austo-ferritic—there is no car- 
bide network and they have 
little tendency for intergranular 
corrosion. After welding, car- 
bides do not precipitate in grain 
boundaries. Cooper Alloy also 
claims the alloys are resistant 
to stress corrosion. 

Alloys can be easily machined 
in the soft condition. They can 
also be welded by _ shielded- 
argon techniques. 

As for specific areas of ap- 
plication: the A alloy seems a 
good bet where pitting is a 
problem and corrosive- 
erosives. This would point to 
pump casings, impellers, marine 
and salt water applications. The 
B alloy is not nearly as hard as 
A but much more ductile. So 
possibilities are pressure reac- 
tors, digestors, etc. The C alloy 
is the hardest of the three and 
could be used for very severe 
service—but it can’t take severe 
shocks or vibrations. 


Help Stamp Out 
Intergranular Corrosion 


The High Alloys Committee of 
the Welding Research Council is 
now conducting extensive field 
corrosion tests to determine what 
industrial process media cause 
intergranular attack of austen- 
itic stainless steels. 

To accomplish this, several 
hundred corrosion test racks con- 
taining welded and unwelded 
specimens with a variety of heat- 
treatments have been prepared. 
Two series of test racks, meas- 
uring 4 by 4 by 12 in., are being 
used. One contains molybdenum- 
bearing alloys (Types 316, 317, 
etc.), the other, molybdenum-free 
alloys (Types 304, 310, etc.). 

Results of this program should 
permit a more accurate descrip- 
tion of the types of media which 
cause intergranular corrosion. 
Also, they will be used to check 
the boiling 65% nitric acid test 
as a method for predicting inter- 
granular corrosion susceptibility. 

A search for industrial ex- 
posure sites is now going on. 
Specifically, media which have 
produced intergranular failure 
of stainless steel components are 
most desirable. The committee 
invites all interested in partici- 


pating in this program to submit 
a description of the exposure site 
to the address below. Specific 
process details are unnecessary, 
but a description of solution 
composition and the local expo- 
sure conditions will be required. 
Upon completion of the exposure, 
each cooperating group will re- 
ceive a detailed evaluation of the 
corrosion test results. 

Interested parties should write 
to: R. M. Fuller, The Interna- 
tional Nickel Co., Inc., 67 Wall 
St., New York 5, N. Y. 


More Nuclear 
Steels Available 


Nuclear steels are definitely in 
the news these days. Jones & 
Laughlin announced a new series 
a few months ago (Chem. Eng., 
Feb. 23, 1959, p. 170), specific- 
ally designed for nuclear work. 

Now another major steel com- 
pany has jumped into the field— 


' Universal Cyclops Steel Corp., 


with two stainless steels which 
are modifications of Type 304L. 

One is a low-cobalt stainless 
for containers and_ internal 
structural members in atomic 
reactors. The other is a high- 
boron stainless for reactor shield- 
ing and control rods. 

The ideal stainless steel for 
nuclear applications should have 
no cobalt. However, complete 
elimination of this element 
doesn’t seem feasible at present. 

Cobalt is an unwanted element 
in nuclear power plants because 
under irradiation it transforms 
to cobalt 60—a high gamma-ray 
emitter very harmful to human 
beings. Also, under high tem- 
peratures and corrosive condi- 
tions the cobalt could be leached 
from the stainless steel and 
poison the nuclear system. 

Ordinarily, Type 304L con- 
tains between 0.05%-0.2% co- 
balt. The new product has less 
than 0.002% cobalt. 

The second metal is a high- 
boron (2%) stainless steel, rec- 
ommended for shielding and 
control rods in atomic energy sys- 
tems. This stainless was devel- 
oped as a substitute for hafnium 
metal, usually desired for these 
applications. Hafnium is in rela- 
tively short supply, and the total 
production is for the AEC. 
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Sodium Hypochiorite 5% 
Room Temp. oom Temp. 


Sodium Chloride 20% 
Boiling 


So many conflicting claims have been made about virtually 
every coal tar epoxy coating on the market that prospective 
users are finding it difficult to fish out the facts from a sea of 
superlatives. 

Perhaps you can find your answer by duplicating any or all of 
these laboratory tests comparing the four leading coal tar epoxies. 


THE TESTS: The rods and panels illustrated here were carefully 
coated to the four manufacturers’ specifications and then 
subjected for three months to the corrosive agents indicated 
above. The wide range of tests included varying concentrations 
of chemicals, ambient and elevated temperatures, weathering 
and all usual types of exposure. 

THE RESULTS: Some results were predictable, such as the 
failure of all four coatings to withstand aromatic petroleum 
hydrocarbon solvent. But striking differences occurred in such 
tests as oxygenated salt water, when only Coating A (Amercoat 
No. 78) resisted undercutting. Products B, C and D were 
all blistered and undercut to varying degrees. In none of the 
remaining tests was Amercoat No. 78 excelled, and in most 
cases it showed marked superiority. 


CHEMICAL ENGINEERING—June 15, 1959 


SUFFERING FROM 
COALTAREPOXICATION ?° 


*Overexposure to coal tar epoxy claims 


Caustic Soda 5% 
Room Temp. 


Aviation Gas 100/130 Octane Salt Spray (scored panels) 
R Room Temp. 


| | | | 


Sour Crude 


D 
ter 3% Room = 


oxygenated Salt Wa 


Knife scrapings across diagonal 
score reveal degree of undercutting. 


Sulfuric Acid 10% Sulfuric Acid 30% 
Room Temp. loom Temp. 


R 
b 
Distilled Water Distilled Water 
140°F Boiling 


Aromatic petroleum 
hydrocarbon solvent —120°F 


JP-4 Jet Fuel 
120°F 


Try these tests to end the confusion 4 


CONFIRMATION: The properties attributed to No. 78 in these 
tests have been substantiated repeatedly in actual field use. 
Applicators like it because it (1) gives dependable, all-around 
protection, (2) sprays more easily than competitive products, 
(3) builds thick films without difficulty because of its higher 
solids content, and (4) dries thoroughly but at a moderate 
rate, avoiding the extremes of prolonged tackiness and fast-dried 
brittleness. 

Because of the unusual importance of these tests to prospective 
users of coal tar epoxy coatings, we have prepared illustrated 
copies of the complete report. Write for yours today! 


(Amercoat No. 78 was formerly designated No. 1686) 


Dept. AF 
4809 Firestone Boulevard 
South Gate, California 


® 
CORPORATION 


921 Pitner Ave. 360 Carnegie Ave. 2404 Dennis St. 6530 Supply Row 
Evanston, Ill. Kenilworth, N.J Jacksonville, Fla. Houston, Texas 
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NOW! 


CAN COST YOU 
26% LESS 


...and you get a tougher tape coating than ever! 


1959 prices are down... yet Polyken #900 
has a protective backing that’s 25% heavier! 


If your plant has a corrosion problem, odds are 
you need Polyken protective tape coatings. 


More effective than paint ... and more eco- 
nomical. Because there’s no need to scrape 
down and repaint. 


Even more economical, now! Due to greater 
manufacturing efficiency, Polyken quality is up, 
and 1959 prices are down as much as 26%. With 
Polyken, you get more for your money than 
ever before. 


Polyken tape coating. Proved over the years 


as a top corrosion fighter in plants throughout 
the country. Why not use it in your plant? 


CHECK YOUR COST ADVANTAGES AT THESE 
NEW LOW POLYKEN PRICES 


ACCESSORY ROLL-—1% inch 1.D. Core—100, 200, 300 ft. length—Price Per Square, Dollars 


Less than S01 to 1500to 3000to SO01to 25002 
Quantity, Squares 10210500 2999 5000 25001 _and Over 


No. 900 Black, 14 mils. 
No. 910 Gray, 12 mils. 
No. 940 Black, 12 mils. 
No. 940 Gray, 12 mils. 


13.66 12.20 11.02 9.76 8.54 8.04 7.62 


No. 920 Black, 20 mils. 19.30 17.22 15.56 13.78 12.06 11.38 10.76 


PIPELINE ROLL-=3 inch |.D. Core—400, 600, 800 ft. length—Price Per Square, Dollars 


Less than 501 to 1500to 3000to 5001 to 25002 
Quantity, Squares 102 192 t0 500 3999 5000 25001 and Over 


No. 900 Black, 14 mils. 13.66 12.20 11.02 9.76 7.90 7.44 7.04 


No. 920 Black, 20 mils. 19.30 17,22 15.56 13.78 11.16 10.52 9.95 


‘Yellow Pages’ Experienced in modern 
PROTECTIVE COATINGS 
™: KEN DALAL 


Polyken Sales Division 


CHECK THESE DANGER POINTS IN YOUR PLANT (and protect ‘em with Polyken) 


CONDUIT 


UNDERGROUND PIPE 


HANDRAIL “T" JOINTS, ETC. 
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POLYKEN 
PROTECTIVE 
COATINGS 
DISTRIBUTORS 


Atlanta, Georgia 
Steele & Associates, Inc. 


Chicago, Illinois 
Sales Engineering Inc. 
Cincinnati, Ohio 
Hare Equipment 


Cleveland, Ohio 
The Harco Corp. 


Denver, Colorado 
Patterson Supply 


Des Moines, lowa 
Donald Corporation 


Fort Worth, Texas 
Plastic Engineering & Sales Corp. 


Harvey, La. 
Allen Cathodic Protection 
Company, Inc. 


Houston, Texas 
Cathodic Protection Service 


Kansas City, Missouri 
Industrial Coatings Engineering Co. 


Long Beach, Calif. 
Barnes & Delaney 


Memphis, Tenn. 
General Pipe & Supply Co. 


Minneapolis, Minn. 
Simcoe Equipment Co. 


Philadelphia, Pa. 
Harold N. Davis Co. 


Plainfield, New Jersey 
Stuart Steel Protection Corp. 


St. Louis, Missouri 
Shutt Process Equipment Co. 


San Francisco, Calif. 
Incandescent Supply Co. 


San Francisco, Calif. 
Phillips & Edwards Electric Co. 


Seattle, Washington 
Farwest Corrosion Control Corp. 


Seattle, Washington 
Pacific Water Works Supply Co. 


Poluken 


Experienced in modern 
PROTECTIVE COATINGS 
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FIRMS IN THE NEWS. 


LABINE 


More Ethylene Oxide Via Air-Oxidation 


Scientific Design Co., New 
York, has just placed four 
ethylene oxide plants on stream 
using SD’s air-oxidation proc- 
ess. Plants are Jefferson Chem- 
ical, Port Neches, Tex.; Societe 
Chimique des Derives du 
Petrole, Antwerp, Belgium; 
Chemische Fabrik Holten, Lud- 
wigshaven, Germany; Erdoel- 
chemie G.m.b.h., Dormagen, Ger- 
many. Yields, says SD, are 
highest ever obtained in ethy- 
lene oxide production. 


Shell Chemical announces com- 
pletion of new facilities at 


Houston, Tex., which increase 
production capacity for bis- 
phenol-A by 50%. Also at 
Houston, construction is get- 
ting under way on a new 
phenol unit—that will supply 
raw material to the  bis- 
phenol-A plant. M. W. Kellogg 
is handling construction. 


Monsanto has started “exten- 
sive” modernization of its 
elemental phosphorus plant 
at Columbia, Tenn. Initial 
construction includes facili- 
ties for preventing air and 
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Drop Forged from 
Solid Billets... 


STEEL FITTINGS 


Heat .. . pressure . . . turbulence . . . oxidation . . . vibration . . . reduction 
shock. For critical installation problems like these, get maximum pro- 
tection with W-S Carbon, Stainless and Alloy Steel Fittings. 


* Drop forged to produce exceptionally high tensile and impact strength. 
¢ Long accurate threads, in perfect alignment, for ease of installation. 
* Heavy uniform fitting wall thickness—an important safety factor. 
* Accurate machining to fit tight. 
For your next order, call your nearby W-S Distributor. You’ll find him 
ready with comprehensive stocks of the complete line of W-S high-quality 


fittings. Forge & Fittings Division, H. K. Porter Company, Inc., Box 95, 
Roselle, New Jersey. 


FORGE AND | 


H.K.PORTER COMPANY, INC. 


Divisions: Connors Steel, Delta-Star Electric, Disston, Forge & Fittings, Leschen Wire Rope, 
Mouldings, National Electric, Refractories, Riverside-Alloy Metal, Thermoid, Vulcan-Kidd Steel, 
H. K, Porter Company (Canada) Ltd. 


FIRMS . 


stream pollution as well as 
phosphate rock processing 
units. Initial phase is ex- 
pected to be completed in 
eight months. 


Reynolds Metals Co.’s new $88- 
million aluminum reduction 
plant at Massena, N. Y., has 
just received 49 aluminum- 
clad,  six-pole, high-speed 
anode switching assemblies 
from I-T-E Circuit Breaker 
Co. Units will protect mer- 
cury are rectifiers from ab- 
normal backfires. 


U. S. Industrial Chemicals has 
opened a new “Morea” liquid 
feed premix plant at Tuscola, 
Ill. New plant is located 
adjacent to USI’s $100-mil- 
lion petrochemical and agri- 
cultural chemical complex at 
Tuscola. 


Dow Chemical has earmarked 
$12 million for new construc- 
tion in the Placquemine, La., 
area. Expansion, which is al- 
ready under way, includes a 
polyethylene plant, and facili- 
ties for vinylidene chloride 
and “Chlorothene,” Dow’s de- 
greasing solvent. New poly- 
ethylene unit will employ the 
Imperial Chemical Industries 
process and will go on stream 
in about 18 months. 


Allied Chemical is designing a 
new polyethylene unit to pro- 
duce both low and high molec- 
ular weight polymers. Unit 
will use an Allied process and 
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ADVERTISEMENT—This entire page is a paid advertisement 


CHEMICAL NEWS 


Prepared by U.S. Industrial Chemicals Co. 


June A Series for Chemists and Executives of the Solvents and Chemical Consuming Industries 1959 


Growing Market Is Seen 
For Phosphoric Acid as 
Fertilizer Raw Material 


In a recent article in Farm Chemicals Maga- 
zine, Lawrence Byck—U.S.I. Manager of 
Heavy Chemical Sales — discusses the value 
of wét-process phosphoric acid as an agricul- 
tural chemical raw material. Phosphatic Fer- 
tilizer Solution (PFS) has been an inter- 
mediate in triple superphosphate production 
for many years, but its use as a raw material 
for fertilizer generally dates back only to 
1957. 

According to Mr. Byck, the usefulness of 
PFS depends on these factors: 

(1) It is the only commercial source of P.O; 
in liquid form. Dusting and massive solids 
handling problems are eliminated. 

(2) It is by far the most highly acid source 
of P.O; commercially available. 

(3) It is the most concentrated commercial 
source of P.O; — 52-54%. 

(4) It may or may not be a markedly eco- 
nomical source of P2O;, depending on con- 
sumer location. 

Given these factors, says Mr. Byck, here 
are some of the things PFS can do for the 


mixed fertilizer industry: 

¢ Neutralize large quantities x> 
of ammonia, because of high 

New Commercial Route to 


Copper Strip Starts with 
Ammonia Leaching of Scrap 


Copper strip can now be made commercially 
from a powder which is derived from copper 
scrap by chemical means. Scrap is leached 
with ammonia, and reduced to copper pow- 
der with hydrogen gas at 375° F and 1,200 psi. 

Via a specially developed process and re- 
lated equipment, the powder is roll-compacted 
into strip that is sintered at 50-100°F below 
its m.p. under a hydrogen atmosphere. The 
strip is then rolled and annealed to speci- 
fication. 


Sodium Addition Improves 
Properties of Alloy 


Recent tests have indicated that metallic 
sodium, added in small quantities to alu- 
minum 356, improves ductility and the al- 
ready fine mechanical properties of this 
casting alloy. As little as 0.02 to 0.04% seems 
to do the job. Above about 0.04%, additional 
sodium causes fluidity loss and increased 
porosity, with an accompanying loss of 
mechanical properties. 

Aluminum 356, used extensively in indus- 
trial, aircraft and missile service, contains 
about 7% silicon and 0.3% magnesium. The 
silicon crystals are large and needle-shaped, 
which tends to make the structure relatively 
brittle. Sodium refines the crystals to a small, 
finely dispersed form to improve alloy prop- 
erties. 

In the tests, sodium bricks were added by 
immersing them in the molten alloy wrapped 
in aluminum foil. The foil gradually melts 
and allows the sodium below the surface of 
the molten alloy, to do its work. 


Missiles and Rockets, Fast 
Growing Market for Chemical 
Materials and Research 


Propellents, Lubricants, Plastics, Nonferrous Metals Among 
Materials Researched, Developed and Supplied by the CPI. 


It is estimated that more than 25% of the $4-billion-plus government expendi- 
ture for missiles and rockets, in the fiscal year just ending, went to the chemical 


industry for materials, research and develop- 
ment. For the fiscal year starting July 1, total 
government expenditures for this program are 
expected to be about 30% greater, with the 
chemical industry’s share possibly even higher 
than in 1958-1959. The U. S. space and 
weapons program is becoming a larger and 
larger factor to chemical manufacturers. 
Structural Materials Largest Market 
Where does the CPI fit into this vast un- 
dertaking? Structural materials are of course 
the greatest contribution in terms of tonnage 
and of dollars. Practical materials must be 
found to withstand temperatures as high as 
7,000°F. Strength must be high. Weight must 
be kept down. The chemical industry is work- 
ing on answers — evaluating nonferrous metals 
and alloys, ceramics, organic and inorganic 
polymers, graphites — developing new com- 
pounds, new techniques, new combinations. 


Nonferrous Metals Used or Proposed 
For Structures in Missiles & Rockets 


Aluminum 


L 


Non-Metal Materials Used or Proposed 

For Structures in Missiles & Rockets 
Alkyds x Aluminum Oxide 
Epoxies Glass 
Fluorocarbons Graphite 
Phenolics Nickel Molybdate 
Polyamides Silicon Carbide Cpds. 
Polybutadienes Thorium Oxide 
Polyesters Zirconium Boride 
Polysulfides Zirconium Oxide 
Silicones Other Ceramic Oxides 
Urethanes 


Along with combinations of metals and 
ceramics (ceramets), researchers have re- 
cently proposed metal-ceramic-plastic “alloys” 
which, if practical, might make the ideal 
rocket materials, 

Propellents Greatest R&D Challenge 

Propellent procurement is rather small 
since, of course, propellents are actually used 
only during firings. But the research effort 


in this area is enormous. The reason: none of 
the materials evaluated to date completely 
answer the requirements of the ideal pro- 
pellent. 

Liquid systems, on the one hand, are com- 
plex, and many of the component materials 
have the disadvantages of corrosiveness, toxi- 
city, low density and, for ballistic purposes, 
poor storage life. However, liquids are rela- 
tively easy to control and, most important, 
have high specific impulse. 

Solid systems, on the other hand, present 
problems of their own. Combustion control is 
difficult. Component materials need better 
physical properties such as flexibility and 
thermal expansion coefficients. Most impor- 
tant, they are low in specific impulse com- 
pared to liquids. But solid systems are reli- 
able, comparatively simple equipment-wise, 
and can be fired easily on short notice. 

In consequence, both types of systems are 


under intensive investigation, 
but with the emphasis on sol- x> 
ids growing. 


Liquid Propellent Materials, 

Used or Under Consideration 
OXIDIZERS | 
Chlorine Trifluoride 
Fluorine = 
Hydrogen Peroxi 
Liquid Oxygen 
Nitric Acid 
Cyanogen Nitrogen Tetroxide 
Hydrazine Oxides of 
Hydrogen Other 
Hydrogen Cyani Difluoride 


Ammonia 


Kerosene — Okygen Fluoride 
nsymmetrical OLone 
Dimethyl MONOPROPELLENTS 
| Hydrazine Ethylene Oxide 
Hydrogen Peroxide- 


Solid Propelient Materiais, 
i Used or Under Consideration 
ELS _Polyethylenes 
Polyurethanes 
Polysulfide Rubbers 
OXIDIZERS 
Ammonium Nitrate 
Potassium Nitrate 
Ammonium 
Perchlorate 
Potassium 
Perchlorate: 
Lithium 
Perchlorate 
DOUBLE-BASED 
Nitrocellulose 
_Nitroglycerihe 


Boron-Based 
Compounds Contain- 
ing Metals Like | 
Aluminum © 
Beryllium 
Magnesium 
Resins such 
Acrylics 
| Butadiene Viny! 
Pyridine 
Cellulosics 
Epoxies 
"Phenolics 
-Polyamides 
Polyesters 


gi 
| 
| 
| 
| 
| 
: | 
Nickel 
Beryllium Silver 
Cadmium ‘Tantalum 
Chromium Tin 
Cobait Titanium 
Columbium Tungsten 
Copper Zinc a 
Magnesium Zirconium 
| 
| 
| 
| | 
its 


ADVERTISEMENT—This entire page is a paid advertisement 


Prepared by U.S. Industrial Chemicals Co. 


U.S.I. CHEMICAL NEWS 
CONTINUED Missiles Faster Analysis Developed 
CONTINUED For Ha logens Organics TECHNICAL DEVELOPMENTS 


Many Other Types of Materials Needed 


The chemical industry also supplies to the 
missile field materials such as lubricants, 
hydraulic fluids, pressurizing gases, and plas- 
tics and rubbers for seals and gaskets and 
protective clothing. Of particular interest is 
the research work in progress on synthetic 
lubricants to supplement the mineral-based 
varieties. Among the compounds under inves- 
tigation are included fluorine derivatives, 
diester derivatives, phosphorus-boron com- 
binations, tin-silicon compounds, silicones 
and alkyl silanes. 


U.S.1. Contributes in Several Areas 

Because of its diversified interests in chem- 
icals, plastics and nonferrous metals, U.S.I. 
contributes to the vital space and weapons 
program both directly and indirectly. Through 
% ownership of Mallory-Sharon Metals, 
U.S.1. supplies zirconium, titanium in com- 
mercial quantities, tantalum and columbium 
in pilot quantities. Polyethylene, made by 
U.S.L, is among the resins under investigation 
in solid propellent fuels. Another U.S.I. prod- 
uct, ISOSEBACIC® acid, may be used as an 
intermediate for the polyurethanes studied for 
the same purpose, as well as for diester bases 
in synthetic lubricants. U.S.I. makes ethyl 
alcohol, long used in liquid propellent sys- 
tems, AFN, Inc., 25% owned by U.S.I., has a 
government research contract on boron-based 
fuels. And in a joint venture with Food 
Machinery, dimethylhydrazine-type fuels are 
being studied. 


acidity — an important advantage. 

¢ Allow formulation of high-analysis grades 
—a strong trend in the industry — because of 
high concentration. 

© Granular goods are growing in popularity. 
PFS formulations generally give more rugged 
granules — better suited to subsequent hand- 
ling — without adding granulation aids. 

In summation Mr. Byck notes that because 
of transportation costs, PFS will probably be 
uneconomical in many areas. But in many 
more of the important agricultural areas, it 
is becoming the product of choice for reasons 
of product quality, overall costs and adapt- 
ability to process needs, 


ANSOL® M, ANSOL PR. 


Fusel Oil, Ethyl Acetate, 


Alcohols: Ethy! (pure and all specially denatured formulas); Anhydrous and 
Regular Proprietary Denatured Alcohol Solvents SOLOX®, 


A researcher at the Texas Agricultural Ex- 
periment Station has worked out an improved 
method of the quantitative determination of 
halogens in organic materials. It is said to be 
faster, cheaper than previous techniques. 

In a typical analysis, the chemist would 
weigh a sample containing about one milli- 
equivalent of chlorine into a beaker, add 
excess ammonia to dissolve and chill the 
sample, and ethyl ether to insure that the 
sample stays in solution. Chlorine is then 
reduced to chloride with about half a gram 
of metallic sodium. Appearance of a blue 
color indicates complete reduction, which 
takes only about two minutes. 

Ammonia and ether are evaporated, excess 
sodium combines with water vapor to yield 
sodium hydroxide, and the blue color disap- 
pears. Nitric acid is used for neutralization, 
and the chloride is titrated with silver nitrate. 

As little as ten minutes of the chemist’s full 
attention is devoted to a single analysis, and 
several analyses can be conducted simulta- 
neously. Error is rarely higher than 3%. 


New Extraction Process 
Purifies Many Elements 


A new extraction process for purifying a 
large number of elements, including many not 
usually subject to extraction processes, is 
described in USP 2,874,176 issued recently. 
By this technique, elements can be separated 
selectively from an aqueous solution contain- 
ing a mixture of elements. 

Here is how it works. The various elements 
in the solution are reacted with an alkali metal 
salt of perfluorocarboxylic acid. From the re- 
sulting compounds in solution, the desired 
compound is selectively extracted with a sub- 
stantially immiscible polar organic solvent 
such as an alcohol, ether, ketone or phosphate. 

Extraction is reported to depend on a num- 
ber of variables: chain length of acid, valence 
of cation, organic solvent, molar ratio of 
cation to reagent, ion size, complexing abil- 
ity of cation and pH. For example, uranyl and 
vanadyl ions extract together at pH 2, but at 
pH 1.65, only uranyl ion extracts. 

After separation of the desired element, the 
reactions can be easily reversed so that the 
element is once more in aqueous phase and 
the reagents are recovered. 


PRODUCTS. OF U.S.I. 


Information about manufacturers of these 
items may be obtained by writing U.S.I. 


Identification reagent for synthetic fibers, as well 
as for animal and vegetable fibers, can now be 
obtained. Claimed to give reliable identification 
in minutes by imparting distinct colors to dif- 
ferent fibers. No. 1480 


New economical corrosion inhibitor for aqueous 
recirculating systems combines sodium molyb- 
date with orthophosphate. Combination claimed 
to be synergistic—effective as the molybdate 
alone but at greatly lowered cost. No. 1481 


Automatic recording titrator now on market is 
designed to make variable and constant pH 
measurements automatically. Simultaneously 
provides permanent record. Titrant delivery rate 
and chart speed are both variable. No. 1482 


Corrosion and spotting preventive for all metals, 
recently developed, is added to hot water rinses. 
Said to promote spot-free drying, and to leave 
an invisible film which protects against tarnish 
and corrosion for months. lo. 1 


Volume I of new series of publications on ad- 
vances in inorganic and radiochemistry can now 
be purchased. 449-page book contains sections 
on boron hydrides, lattice energies, activation 
analysis, phosphonitrilic halides, etc. No. 1484 


Commercially-pure titanium anode hooks and 
baskets, designed to meet need for high corro- 
sion resistance in nickel and chrome plating 
operations, are now on market. Said to have 
indefinite life in highly corrosive — ‘ 

lo. 


Selective reductions of organic compounds with 
complex metal hydrides are discussed in new 
brochure now available. This review of pub- 
lished literature covers types of reactions fo 
sible, includes bibliography. No. 1486 


Polyethylene aspirator pump now on market 
cannot corrode; said to perform as capably as 
metal aspirators, operate efficiently on all water 
pressures from 11 pounds up. Recormmended for 
highly corrosive filtrates. No. 1487 


Physical and thermodynamic properties of many 
commonly-used elements and compounds are 
covered in new brochure offered by catalyst 
maker, to aid in catalyst selection when factors 


of equilibrium, heat exchange, etc. are vital. 
No. 1488 


Thorium technology is discussed in series of 
papers now bound in 397-page volume and 
offered for sale. Topics include melting, refining, 
structure, properties, fabrication, corrosion, pro- 
duction of compounds. No. 1489 


A A 


Nitrate, Nitric Acid, 


FILMEX®, 


Organic Solvents and Intermediates: Normal Buty! Alcohol, Amy! Alcohol, 
Normal Butyl Acetate, 


Diethy! Carbonate, 


DIATOL®, Diethy! Oxalate, Ethy! Ether, A 


tite, 
lide, 


Heavy Chemicals: Anhyd 
Nitrogen Fertilizer Solutions, Phosphatic Fertilizer Solution, Sulfuric Acid, 


Caustic Soda, Chlorine, 
Sulfite, Sodium Sulfate. 


PETROTHENE® Polyethylene Resins 


Metallic Sodium, Sodium Peroxide, Sodium 


Acetoacet-Ortho-Chioranilide, Acetoacet-Ortho-Toluidide, Ethy! Aceto- 
acetate, Ethyl Benzoylacetate, Ethyl Chloroformate, Ethyiene, Ethyl 
Sodium Oxalacetate, Sodium Ethylate, ISOSEBACIC® Acid, Sebacic 
Acid, Urethan U.S.P, (Ethy! Carbamate), Riboflavin U.S.P, 


Pharmaceutical Products: Di-Methionine, N-Acetyl-DL-Methionine, Urethan 
USP, Riboflavin USP, Intermediates. 


Animal Feed Pr 


ibiotic Feed Suppl ts, BHT Products (Anti- 
oxidant), Calcium Pantothenate, Choline Chloride, CURBAY B-G®, Special 
Liquid CURBAY, VACATONE®, Menadione (Vitamin K3), DL-Methionine, 
MOREA® Premix, Niacin USP, Riboflavin Products, Special Mixes, U.S.1. 
Permadry, Vitamin B,, Feed Supplements, Vitamin D3, Vitamin E Products, 


Vitamin E and BHT Products. 


A 


DUSTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corporation 
99 Park Avenue, New York 16, N. Y. 


U.S.I, SALES OFFICES 


Atlanta * Baltimore * Boston * Buffalo * Chicago * Cincinnati 
Cleveland * Detroit * Kansas City, Mo. * Los Angeles * Louisville 
Minneapolis * New Orleans * New York * Philadelphia * St. Louis 


San Francisco 
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. FIRMS 


will be located “in an area 
where ethylene is readily 
available.” Allied is also 
adding additional polyethy- 
lene capacity to its plant near 
Buffalo, N. Y. 


Texas Alkyls, firm formed by 
Hercules Powder and Stauffer 
to manufacture aluminum 
alkyls for catalysts, will build 
its first plant south of the 
Houston, Tex., ship channel. 
Construction has _ already 
started on the $1-million unit; 
rated capacity will be in ex- 
cess of 1 million lb./yr. Plant 
will operate under Ziegler 
patents. 


Atomics International has de- 


livered the first nuclear re- 
actor to go into operation in 
the Caribbean area. Reactor 
is a 10-watt, solution-type 
laboratory reactor destined 
for the Puerto Rico Nuclear 
Center at Mayaguez. 


Texas Eastman is increasing 


polyethylene capacity at its 
Longview, Tex., plant from 
85 million lb. to 100 million 
lb. annually. Recent addi- 
tions to the oxo facilities at 
Longview have upped capac- 
ity for aldehydes to 125 mil- 
lion lb./yr. 


Kaiser Aluminum & Chemical 


will soon be starting a major 
expansion of its refractory 
magnesia operations at Mid- 
land, Mich. New plant will 
cost about $3 million and is 
scheduled to go into produc- 
tion early in 1960. Capacity 
will be 45,000 tons/yr. 


Union Carbide Chemicals has 
doubled polyether polyol ca- 
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EXAMPLE: ™ Spraco full-cone, free-flow 
S Full-C. nozzle discharging 860 
gpm at 5 psi. At this 


Shutter speed (1/5,000 sec.) 
pump pulsations are ap- 
parent in the spray pattern 


Flow Nozzles — for 
high capacity, low pres- 
sure installations 


To answer a long felt processing need, Spraco recently developed a totally new 
line of full-cone, free-flow nozzles for high capacity, low pressure installations where 
clogging is a problem and a full-cone spray a necessity. Featuring streamlined 
internal vane construction with maximum vane openings, they offer minimal flow 
resistance, virtually eliminate clogging. 

Now widely used in cooling towers, coke quenching, aerating and purifying 
water supplies, and a host of chemical processing applications, Spraco Full-Cone 
Free-Flow nozzles are another excellent example of how Spraco cuts the cost of 
spraying by increasing the efficiency of the system. 

What's your spray nozzle problem? Spraco offers the most complete range 
of nozzle sizes and capacities available anywhere, always in stock, and made from 
bronze, cast iron, stainless steel, or, to order, from any special machineable material. 

Write today for the most comprehensive spray nozzle catalog ever published. 
Complete, accurate performance data for each of the hundreds of spray nozzles in 
the line. 


SPRAY ENGINEERING COMPANY, 775 Cambridge Street, 
Burlington, Mass. 


SPRACO 


SPRACO 
NOZZLES 
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BAN this “birthplace of losses’ FIRMS... 


pacity at its South Charles- 
ton, W. Va., plant. Expansion 
was dictated by increasing 
demand for polyether ure- 
thane foams. 


iN E WwW TO L E D oO Du Pont is erecting a plant at 


Florence, S. C., for producing 
PRINTWEIGH. “4.00” at 

: most doubling firm’s capacity 
for film. Construction is 
starting this month; plant is 
slated to start production 


early in 1960. Cost will be al- 
most $20 million. 


... hand-written weight records! 


Texas City Refining has placed 
a Houdri- 
‘ former on stream at its Texas 
City, Tex., refinery. Unit will 
process a wide variety of 

, ae naphtha feed stocks to pro- 
duce high-octane gasoline. 


Human errors in reading, remembering and 
recording weights are eliminated with new Toledo Printweigh 
“400” . . . product of Toledo’s advanced research and develop- 
ment programs to improve weighing efficiency. 

Printweigh “400” provides complete printed weight records on 
materials received, processed, transferred or shipped. It’s applica- 
ble to the full range of Toledo dial scales . . . offers a wide choice 
of optional features, including a ‘‘memory”’ for printing weight 
data even after the load is removed. 

Printweigh ‘‘400”’ prints full figures, even when using unit weights 
. .. prints where you wish on 8%” x 11” forms, or on tickets or 
strips . . . and for positive weight identification, offers 6 to 12 
bank selective numbering, or up to 10 weight identifying symbols. 


International Lubricant Corp. is 
occupying new office and 
laboratory facilities on a 23- 
acre tract northwest of New 
Orleans. Area shown above 
is part of quality control 


Automatic five digit consecutive numbering is also available. laboratory. f 
International Nickel is pushing 
ahead with plans for a 75-mil- 
TOO! lion-lb./yr. electrolytic nickel 
ntweigh “‘400" can give wings to weight data by 
transmitting it to remotely located adding or other refinery at Thompson, Man- 
office machines. Brings new flexibility and accuracy itoba. Plant will use Inco’s | 
to weighing operations. new process for electrorefin- /) 
ing nickel directly from 
SEND FOR Printweigh “400” bulletin 1157. nickel sulfide matte (Chem. } 
Or, ask your Toledo representative. TOLEDO Eng., Apr. 7, 1958, pp. 60-62). 
SCALE, Division of Toledo Scale Corpora- 
tion, 1403 Telegraph Rd., Toledo 12, Ohio. Atomic Energy Commission has 


® “4 awarded a contract to Vitro 
T Engineering to design and en- 


greatest name in weighing plant at Oak Ridge, Tenn., to 
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Plan 
to stay 
aheod... 


call 


On brings service to 


any branch plant 


Your branch plants — no matter where they are located — are 
only a phone call away from Allis-Chalmers service. 
‘0 provide this guarantee of prompt service on mechanical and 
- electrical equipment, A-C offers its petro-chemical customers a 
whole mapful of personnel and facilities. They include: 
® 9 Regional Offices — to serve as coordination centers 
from coast to coast. 
® 79 Local Offices — covering every industrial area in the 
country. 
® Field and Erection Personnel — located strategically for 
‘round-the-clock’ duty. 
® Certified Service Shops — a vast network to provide 
minutes-away service. 
® Warehouse Stocks — there’s no waiting anywhere for 
replacement parts and components. 


Matching this service is a tremendous scope of industry-designed 
equipment from one source. Ask your A-C representative about 
the last word in product designs, all proven by research and 
application, all built for outstanding quality control. Or write 
Allis-Chalmers, Milwaukee 1, Wisconsin. 


Products for Petro-Chemicals: Electrical Generation, Distribution 
and Utilization Equipment; Pumps, Compressors, Motors and Control; 
Texrope Drive Equipment; Processing Machinery (mills, kilns, screens, etc.); 
Water Conditioning Systems, plus Materials Handling Equipment. 


Texrope is on Allis-Chalmers trademark. 


for PETRO-CHEMICALS from eee ALLIS-CHALMERS 

Ling 


Distill up to 
4000 pounds per hour 


for less than 
Mo cent per pound! 


NEW CEC 
continuous production 
HIGH-VACUUM STILLS 


e Lower operating cost than any other 
chemical process: .06 to .1 cent per 
pound, 

e High throughput, continuous opera- 
tion: 4 sizes, from 2 to 4000 pounds 
per hour. 

e Safe! Low-speed rotor. No possibil- 
ity of oxidation. 

e Simplest operation. Low mainte- 
nance—runs virtually unattended. 


e Highest yield—less product loss 
from decomposition or molecular re- 
arrangement of heat-sensitive ma- 
terials, 


WRITE for specifications and applica- 
tion data, Bulletin 3-1... and for in- 
formation on test runs of your samples. 


FIRMS ... 


reprocess nuclear fuels. Fa- 
cility will combine existing 
chemical reprocessing units 
with new head-end cells for 
dissolving and pretreating the 
reactor fuel elements. 


Lummus Co.’s engineering de- 


Now CEC sstills give 
you the most econom- 
ical and efficient way to 
separate organic and 
silicone compounds 
from 250 to 4000 mo- 
lecular weight; for ex- 
ample: 


Fatty acids 
Polymerized acids 
Esters 

Plasticizers 

Waxes 

Vegetable oils 
Pharmaceuticals 
Epoxy resins 

Vitamin concentrations 
impregnating oils 
Drying oils 

Petroleum greases 

Tall oil 

Terpene oxides 
Silicones 

Perfume intermediates 
Product-rich residues 


velopment center at Newark, 
N. J., has completed fabrica- 
tion and test operation of an 
in-pile test loop for Westing- 
house as part of the research 


and development on _ fuel 
elements and control rods for 
the Yankee nuclear power 
station at Rowe, Mass. 


Koppers is building a develop- 
ment plant in Detroit, Mich., 
to produce a new type of 
sandwich panel for residen- 
tial home construction. Plant 
will be equipped to turn out 
panels for approximately 1,- 
500 homes annually. Panels 
consist of cores of expandable 
polystyrene laminated to such 
things as plywood, Masonite 
or gypsum board. 


Owens-Corning Fiberglass plant 
at Anderson, S. C., is under- 
going its third major expan- 
sion in the past eight years. 
Firm is adding four new 
furnaces, that will be in op- 
eration by year’s end, upping 
capacity by 10%. 


UBS Chemical Corp. recently 
completed construction of a 


new polymer plant at Lemont, 


Rochester Division 


CONSOLIDATED ELECTRODYNAMICS/ rochester 3, new york 


Ill., to produce polystyrene- 
based emulsion for floor 
finishes. 


Kaiser Aluminum has placed its 
third potline in operation at 
its new aluminum smelter at 
Ravenswood, W. Va. (Chem. 
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SCOPE of 
MOTOR CONTROL from... 


Oil-immersed controller is equipped with 
portable lifter for simplified access to lift-out 
contactor and relay panels, 


oll-immersed contactor 
available in Type H front access controllers 
for indoor, outdoor, or Division 2 service. 


| NEW oil-immersed line 


Now, from Allis-Chalmers, comes the most complete line of 
motor control ever developed for the chemical and petroleum 
industries. With the addition of an all-new line of oil- 
immersed controllers and contactors, you can select just the 
right control — oil or air — to meet your needs. Ratings are 
to 1500 hp at 2200 volts; 2500 hp at 4000-5000 volts. 


For divisions 1 and 2 (hazardous and semi-hazardous 
locations) or corrosive atmospheres: A-C offers 400-ampere, 
50-mva oil-immersed controllers with floor-mounted lift-out 
or frame-mounted tank-lowering construction. Load-break 
disconnect switches optional. 


Type H front access controllers with current-limiting 
fuses are available where higher interrupting capacities are 
required. Type H units are available with oil-immersed 
contactors for semi-hazardous areas and other applications; 
air-break contactors for non-hazardous areas. 

Type H controllers can be specified with Shelter-Clad 
walk-in, outdoor enclosure for complete protection of per- 
sonnel and equipment. With this simple, all-steel design 
you can eliminate expensive, permanent buildings, 


For full details on the complete line of A-C motor control, 
either high or low voltage, contact the A-C office near you, 
or write Allis-Chalmers, General Products Division, Mil- 
waukee 1, Wisconsin, 


gives you broadest choice yet 
in high voltage control 


400-ampere air-break con- 
tactor available in Type H front 
access controllers for non-hazard- 
ous indoor and outdoor service. 
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Wyandotte Flo-chilled* Anhy- 
drous Caustic Soda is guaranteed 
to flow freely all year round. It 
won’t cake or lump — handles 
easily even on the hottest and 
most humid days of the year! 

Order a supply of Flo-chilled 
caustic from your Wyandotte rep- 
resentative or distributor today. 
You'll find it costs no more than 
ordinary caustic. 


WYANDOTTE 


Say goodbye to Lumpy Caustic 


Look for this label 
ane be SURE! 


Whandotte CHEMICALS 


MICHIGAN ALKALI DIVISION 


WYANDOTTE CHEMICALS CORPORATION, WYANDOTTE, MICHIGAN 
Offices in Principal Cities 


PACING PROGRESS WITH CREATIVE CHEMISTRY 
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FIRMS... 


Eng., Mar. 9, 1959, pp. 124- 
127). Plant capacity is now 
rated at 108,750 tons/yr. pri- 
mary aluminum; fourth pot- 
line at Ravenswood is nearing 
completion. 


Du Pont is starting construc- 
tion on a new $6-million 
elastomer research laboratory 
at its experimental station in 
Wilmington, Del.; completion 
is expected by late summer 
1960. 


Food Machinery & Chemical 
Corp. has started construc- 
tion of a major addition to its 
central chemical research 
laboratory at Princeton, N. J. 
The $1-million wing, to be 
completed by February 1960, 
will be devoted to inorganic 
chemical research. 


Stauffer Chemical Co. has com- 
pleted a new manufacturing 
agreement whereby it will 
have tartar chemicals manu- 
factured in Europe and then 
distributed in this country. 
Low-cost imports forced the 
company to curtail its do- 
mestic tartar chemicals op- 
eration. 


Stepan Chemical Co., Chicago, 
Ill., has acquired over 80% 
of the voting stock of May- 
wood Chemical Works, May- 
wood, N. J., for about $5 mil- 
lion. Maywood is a producer 
of lithium, thorium and rare 
earth chemicals and owns 
mines in South Dakota. 


Computer Sciences, Inc., is a 


newly organized firm special- 
izing in automatic program- 
ming of electronic data proc- 
essing systems to serve both 
computer uses and manufac- 
turers. Headquarters are in 
Los Angeles. 


Petrocarb, Inc., New York, has 
acquired the metallurgical di- 
vision of American Briquet 
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SCOPE in INDUSTRY 
‘SPECIALIZATION 


from... 


Loadmaster control permits 
maximum loading 


Typical 
Applications 


® Twist-setting rayon cord 
® Heating plastic preforms 
® Setting glue joints | 


® Jelling rubber 


® Heating inert powders 
® Preheating molding 
powders 


® Rayon drying 


Continuous full capacity 
operation assured with 
Allis-Chalmers dielectric heater 


Set the Loadmaster control at a predetermined maximum and 
minimum load. An automatic circuit stops the conveyor belt 
when the maximum load is reached. As the material in the 
oven dries, the belt will start again at the minimum. 

Loadmaster control and the resulting full capacity opera- 
tion is just one of the many features of the Allis-Chalmers 
dielectric heater. Eye-level, “grouped” controls facilitate a 
quick appraisal of operating conditions. Protective interlock 
assures complete safety. Oscillators and rectifiers are built to 
last 5000 hours or more. Heavy duty plate transformers pro- 
vide large reserve capacity. Most important, Allis-Chalmers 
extensive engineering and research facilities assure proper 
application and installation. 

Call your nearby A-C man for details or write Allis- 
Chalmers, Industrial Equipment Division, Milwaukee 1, Wis. 
In Canada, write Canadian Allis-Chalmers Ltd., Box 37, 
Montreal, Quebec. 
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Hamer Line Blind 


It has long been recognized that 
convention type valves do develop 
leaks. And contamination of prod- 
uct when it occurs costs dearly in 
time and money. Preventing this 
is where Hamer Line Blinds excel. 
Handwheel or bar operated, 
Hamer Line Blind Valves squeeze 


dead tight against the center spec- | 
tacle plate forming an impassable 


line shut-off that’s both permanent 


and absolute. Yet Hamer Line . 


Blinds are fast, safe, simple to op- 
erate. One man can open or blind 
a line in one minute. Investigate 
Hamer Line Blinds. Let a Hamer 
representative show you how these 
remarkable valves can actually pay 
for themselves. 


SEND FOR FREE CATA} 


HAMER VALVES 
WITHOUT EQUAL 


Leak-proof Gate Valve 


Line Blind Valves 


F Lift-type Plug Valve 
. 
| EE warwes 
; P.O. Box 1851 

2919 Gardenia Ave., Long Beach 1, Calif. 
v Representatives throughout the World 
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Co., Philadelphia, Pa. To be 
called the Industrial Ma- 
terials Div. of Petrocarb, this 
division will continue manu- 
facture and sale of injection 
equipment and solid reagents 
for the metallurgical in- 
dustry. 


Arner Co., Buffalo, N. Y., and 
Strong, Cobb & Co., Cleve- 
land, Ohio, two custom phar- 
maceutical manufacturers, 
are planning to merge. New 
firm will be called Strong 
Cobb Arner, Inc.; plan is sub- 
ject to final approval of stock- 
holders. 


High Voltage Engineering and 
B. F. Goodrich Co. have 
formed a new company, Good- 
rich-High Voltage Astronau- 
tics, Inc., for developing ion 
propulsion devices for space 
travel. Development of a 
laboratory ion thrust device 
is already under way at 
HVEC’s Burlington, Mass., 
plant. 


AS 
OVERSEAS BRIEFS 


Reichhold Chemicals is plan- 
ning to invest about $4 mil- 
lion in its Austrian subsi- 
diary, Beckacite G.m.bh., in 
the next five years. Program 
calls for expansion of the 
present Vienna plant to ex- 
ploit oil, natural gas and coal 
raw materials. 


Poland’s first synthetic rubber 
plant is starting production 
after several months of shake- 
down runs. Plant, under con- 
struction since late 1955, was 
built at a cost of $25 million 
and is expected to produce 
1,000 metric tons this year, 
reaching ultimate capacity of 
36,000 metric tons/yr. in 
three to four years. 


Imperial Chemical Industries’ 
subsidiary, Alkali & Chem- 
ical Corp., has completed an 
$8.4-million polyethylene plant 
in West Bengal, India, with 
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SCOPE in INDUSTRY | 
SPECIALIZATION from... 


Rotary Kiln 
Rotary Dryer 


Air-Quenching Cooler 


Sure-fire 
heat-transfer 


efficiency 


Ae kiln — particularly an Allis-Chalmers kiln —has a burning 
desire to cut costs, increase chemical production and improve quality. 
But that kiln’s fired-up ambition just smolders unless it is associated with 
equally efficient equipment in a well-designed flow. 


As the world’s leading producer of rotary kilns, dryers and coolers, Allis- 
Chalmers is concerned with the entire heat-transfer operation . . . the evalua- 
tion of variables . . . the integration of interdependent equipment, old and new, 
into a profitable process. Flow design, prerecommendation research and test- 
ing, and installation advice are all part of the Allis-Chalmers package. 

Ask your A-C man for Bulletin 25C6177, or write Allis-Chalmers, Industrial 
Equipment Division, Milwaukee 1, Wisconsin. In Canada, write Canadian 
Allis-Chalmers Ltd., Box 37, Montreal, Quebec. 
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rated capacity of 3,500 tons/ 


* yr. This is first polyethylene 
plant to start up in India; also 
building plants are Polychem, 
Ltd., (a Dow affiliate) and | 


Union Carbide’s Indian sub- | 
sidiary. 


Belgium’s first nuclear power 
plant is under construction. 
Shown above is the pressure 
vessel for the 11,500-kw. unit 
being shipped from New 
York. Westinghouse is erect- 
ing the plant at Mol, Belgium. 


Royal Dutch Shell is mapping 
plans to boost the capacity of 
its synthetic glycerine plant 
at Pernis, The Netherlands, 
to at least 15,000 tons/yr. if 
demand materializes as ex- 
pected. Plant, started only { 
last year, is the only syn- 
thetic glycerine unit outside 


J the U. S. 
R/M—headquarters for “Teflon” products. R/M’s complete line includes sheets, rods, tubes, ' 
tape, thin-wall tubing (available with permanent color striping) and bondable “Teflon.” New Union Carbide announces plans 
“Teflon” expansion joint features square convolutions for greater strength. Other “Teflon” parts, “ 
extruded, molded or machined to your exact specifications, can also be supplied. for doubling polyethylene 1 

production capacity in the 
“Teflon’s” many remarkable properties “Teflon” service is yours from R/M. United Kingdom by adding 
have established it as an important A pioneer in “Teflon” application another 30-million-lb./yr. pro- 
material for use in chemical process- and fabrication research, R/M offers duction unit to existing fa- 
ing equipment. Yet when you select design guidance that can help assure cilities at Grangemouth, Scot- 
“Teflon” for a particular job, you solve maximum part performance, and its land. 
only part of your problem. Equally im- ample production facilities can supply 
portant is the selection of a source of “Teflon” in the form best suited to your India is reported to have com- 
supply you can depend on for both needs. Learn more about R/M’s com- pleted arrangements for erec- 
competent engineering assistance and plete “Teflon” service—and how it can tion of a 20,000-ton/yr. syn- 
the production capability needed to benefit you—by contacting your near- thetic rubber plant with 
meet your exact specifications and est R/M district office. Or write Plas- Goodyear acting as technical 
quantity requirements. This complete tic Products Division, Manheim, Pa. consultant. Plant is expected 
*A DuPont trademark to cost around $30 million and 


will be located at Bareilly in 


RAYBESTOS-MANHATTAN, INC. | 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. Chemstrand Corp. and Mitsu- 
Contact your nearest R/M district office listed below for more information or bishi’s joi ntly owned com- 
write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa. . oe» 
BIRMINGHAM 1 CHICAGO 31 CLEVELAND 16 DALLAS 26 DENVER 16 DETROIT 2 HOUSTON 1 Mitsubishi Vonnel Co., 
LOS ANGELES 58 © MINNEAPOLIS 16 © NEW ORLEANS 17 © PASSAIC © PHILADELPHIA 3 has opened a new acrylic fiber 
PITTSBURGH 22 SAN FRANCISCO S SEATTLE 4 PETERBOROUGH, ONTARIO, CANADA plant in Hiroshima, J apan. 
RAYBESTOS-MANHATTAN, INC., Engineered Plastics Asbestos Textiles Mechanical Packings e Industrial Rubber 
Sintered Metal Products « Rubber Covered Equipment « Abrasive and Diamond Wheels ¢ Brake Linings Current _production capacity 
is 7.5 million lb./yr. 


Brake Blocks Clutch Facings Laundry PadsandCovers Industrial Adhesives Bowling Balls 
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An open motor 


did what no other motor could... 


This Super-Seal motor with 
Poxeal insulation and protected bear- 
ing was not fouled by mud. An Allis- 
Chalmers customer, in a frequently 
flooded area, required a motor that 
could readily start even after prolonged 
immersion in mud. 

The “dirtiest mud available” was 
used in conducting the successful tests 
in the A-C Motor Laboratories. 

Motor user requirements like this 
form the basis for A-C pioneer-leader- 
ship in motor development. Motor 


in a mudbath 


buyer needs created the most complete 
line of integral-horsepower motors in 
industry. Induction, dc, wound-rotor, 
synchronous, gear, tube-type and Syn- 
duction motors, and now Super-Seal 
motors! And, if these lines don’t fill 
your need, A-C engineering excels in 
special design. 

Motor users in the petro-chemical in- 
dustries can benefit from this pioneer- 
leadership. Contact your A-C represent- 
ative or distributor, or write Allis- 
Chalmers, General Products Division, 
Milwaukee 1, Wisconsin. 


Super-Seal, Poxeal, and Synduction are Allis-Chalmers trademarks 
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SPRAYING SYSTEMS CO. 


SPRAY NOZZLES 


products and services 


to improve your production 


PRODUCTS 
Whatever your application might 
i be, Spraying Systems Co. offers 
4 spray nozzles to meet your need 

i exactly. Over 12,000 standard 

; nozzle types and capacities . . . to 
obtain whatever spray character- 
istics and capacities you desire 
in spraying, relative to any 
combination of liquid physical 
and chemical qualities. 


RESEARCH 

As a part of its own plant 
operation, Spraying Sys- 
tems Co. maintains its own 
research facilities, for the 
continuing study of new 
spray nozzle designs, mate- 
rials and applications. The 
many advantages of research 
are an inherent quality of 
every Spraying Systems 
spray nozzle you buy. 


TECHNICAL INFORMATION 
Complete information on spray 
nozzle types, capacities and 
performance characteristics are 
available in reference catalog 
form. Data Sheets on hundreds 
of basic applications are also yours 
for the asking. You will find 
Spraying Systems a reliable ref- 
erence source for any information 
concerning spray nozzles and 
their application. 


SPRAYING SYSTEMS CO. 
3275 RANDOLPH STREET 
BELLWOOD, ILLINOIS 


For general information . . . Your 4 
inquiry for Catalog 24 is invited. | 


MA 


hy 


- SPRAY NOZZLES FOR . SIBLE, MEASURABLE BETTER PERFOR 


NCE 


American Nuclear Society, 5th an- 
nual meeting, Civic Auditorium. 
June 15-17 Gatlinburg, Tenn. 


Industry Gas Chomatography 
Course, University of California. 
June 15-17 Los Angeles, Calif. 


Gordon Research Conference: 
ration and Purification, Colby 
Junior College. 

June 15-19 New London, N. H. 


American Society for Engineering 
Education, annual meeting, Car- 
negie Inst. of 
June 15-19 Pittsburgh, Pa. 


anadian Pulp and Paper Assn., 
Technical Section, summer meet- 
ing, Manoir Richelieu. 

June 17-20 Murray Bay, Que. 


National Society of Professional 
Engineers, annual meeting, Com- 
modore Hotel. 

June 17-20 New York, N. Y. 


American Society for Testing Ma- 
terials, annual meeting, Chalfonte- 
Haddon Hall. 

June 21-26 Atlantic City, N. J. 


Canadian Gas i. annual meet- 
ing, press Hotel. 
June 22-24 Victoria, B. C. 


Air Pollution Control Assn., annual 
meeting, Hotel Statler. 
June 22-26 Los Angeles, Calif. 


American Assn. of Cost Engineers, 
3rd annual meeting, Carnegie Inst. 
of Techonology. 

June 24-26 Pittsburgh, Pa. 


Instrument Society of America, Nu- 
clear Instrumentation Symposium. 
June 24-26 Idaho Falls, Idaho 


Forest Products Research Society, 
13th national meeting, St. Franc 
Hotel. 

June 28-July 3 
San Francisco, Calif. 
Gordon Research Conference: Poly- 


mers, Colby Junior College. 
July 6-10 New London, N. H. 


Society of Chemical Industry, 78th 
annual meeting. 
July 6-11 Glasgow, Scotland 


Foundation for Instrumentation 


Gordon Research Conference: Or- 
anic Reactions and Processes, 
ew Hampton School. 

July 13-17 New Hampton, N. H. 

Chemical Society of London, sym- 

um on fluorine chemistry. 
uly 15-17 Birmingham, England 


Gordon Research Conference: Cor- 


Gordon Research Conference: Radi- 
ation Chemistry, New Hampton 


School. 
July 27-31 New Hampton, N. H. 
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ie ference: process dynamics, Case | 
Inst. of Technology. 
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Gordon Research Conference: Or- 
og Coatings, Colby Junior Col- 


loge. 27-31 New London, N. H. 
National Soybean Processors Assn.- 
American Soybean Assn., joint an- 
meeting, Sheraton- effersqn 
Aug. 10-12 St. Louis, Mo. 


American Pharmaceutical Assn., an- 
nual Netherland-Hilton 


Hote: 
Aug. 16-21 Cincinnati, Ohio 


Research Conference: 
emis' and Physics of Metals, 
Kimball Union Academy. 

Aug. 17-21 Meriden, N. H. 


esting Con- 
ference, Multnomah Hotel. 

Aug. 18-21 Portland, Ore. 


International Union of Pure and ae 
plied Che 


Aug. 20-25 Waitens, Austria 


Rocket 
posium: Gas Dynamics, North- 
western University. 

Aug. 24-26 Evanston, Iil. 


Gordon Research ference: In- 
strumentation, colby Junior Col- 
lege 

Aug. 24-28 New London, N. H. 
Chemical Institute of Canada, Physi- 
cal Chemistry Div. meeting, Mc- 


Master University. 
Aug. 30-Sept. 1 Hamilton, Ont. 


International Union of Pure and 
Applied Chemistry, symposium: 
Thermodynamics and Thermo- 
chemistry. 

Aug. 30- Sept. 6 Munich, Germany 


American Society of Mechanical En- 
gineers, Wood Industries Div., na- 


tional meeting 
Sept. 10-11 Portland, Ore. 


American Society of Mechanical En- 
gineers, International Air-Pollu- 
Congress, Statler-Hilton Ho- 
Sept. 10-11 New York, N. Y. 

Society of Plastics Industry, mid- 
west conference 
Sept. 10-11 ‘French Lick, Ind. 

Armed Forces Chemical Assn., an- 
nual meeting, Hotel Statler. 
Sept. 10-11 New York, N. 

et Chemical Society, national 
mee 
Sept. 13-18 Atlantic City, N. J. 


Canadian Agricultural Chemicals 
Assn., annual meeting, Chateau 
Frontenac. 
Sept. 20-23 Quebec City, Que. 

Chemical Market Assn., 


conference: Textile Fibe 
Sept. 20-22 Williamsburg, Va. 


Technical Assn. of the Pulp and 
Paper Industry, 14th Paper-Plas- 
"21-23 Chicago, Ill. 


American Rocket Society, conference 
on solid propellants, - Princeton 


University. 
Sept. 24-25 Princeton, N. J. 
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With Allis- Chalmers 
Valves 

BALL VALVES 
BUTTERFLY VALVES 
WAFER VALVES 


Rotovalves have a flexibility that makes them suitable to any type of 
operation, with any method of control, in any location. Only Allis- 
Chalmers Rotovalves give you all these features: 

Greatest Rangeability— In A-C Rotovalves, rangeability is greater 
than 150 to 1. 

Least Pressure Loss — Full-line opening means less head loss, lower 
operating costs. 

Easiest to Operate — Hydraulic imbalance and mechanical design make 
it easy for one man to close the valve as fast as is required. Less power 
is needed in mechanical or electrical operation. 

Greatest Initial Shut-Off — Rotovalve is 55% closed at 25% stroke, and 
92% closed at 50% stroke. In comparison, gate valves are only 18% 
closed at 25% stroke and 43% closed at 50% stroke. 

Most Controlled Closing Time — Closing as quickly as 1/10 second or 
as slowly as needed. Fast initial closing limits reversal of flow. 

Most Positive Closing — Drop-tight, positive closing. Self-purging, 
monel-to-monel seating. Pressure-tight bolted head, easily-repacked 
stuffing box, and machined and lapped seats are additional features. 
For information on the complete line of Rotovalves, and butterfly, ball 
and wafer valves, contact your nearest A-C valve representative, or 
write Allis-Chalmers, Hydraulic Division, York, Penna. 


DESIGN 


RESEARCH 


Hydraulic Division LY 


FABRICATION 


Rotovalves © Ball Valves « Butterfly Valves © Free-Discharge Valves 


Hydraulic Turbines & Accessories « Pumps © Liquid Heaters 
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ELLIOTT C-W NEW EQUIPMENT ane 
SEALEDPOWER MOTORS | trom 102) 


plosive force equivalent to 100 


This new 300-hp unit is the lar f psi., the mill has a safety blow- 
the Elliott C.W “family” of — out disk (optional) that permits 
frame enclosed motors, pioneered in the harmless discharge at a speci- 


United States by Crocker-Wheeler. fied hopper pressure.—Entoleter 
Div., Safety Industries, Inc., 


New Haven, Conn. 102E 


Tape Perforator 


Built-in circuit assures 
punching accuracy. 


Moderately priced, a new, 
high-speed tape perforator fea- 
tures sturdy construction and 


easy access for maintenance. 


Having a punching speed of 40 
columns per second, the unit 
incorporates antibounce latches 
for smoother, more accurate 


punches, and an odd-even parity 


check circuit that spots errors. 

Stock models accept any 

standard tape size up to 1-in. 

width, and any code column to 
8 channels. Tape width may be 

changed easily in the field.— 

B FETT F C 0 [ F Telecomputing Corp., North 

Hollywood, Calif. 232A 


IMPORTANT 
FACTS are given in 
new Elliott Bulletin 
PB 6000-2. Send for 


free copy now. 


Line Filters 
Good filtering properties at 


LL. i TT = low pressure drop. 


Completely resistant to chem- 
ical attack, a new filter assem- 
bly constructed primarily of 


Crocker-Wheeler Plant Jeannette, Pa. 
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borosilicate glass tubing offers 
maximum particle retention at 
very high flow rates over the 
porosity range of 1 to 100 mi- 
crons. The filters are designed 
for inline installations, and 
come in either angle or Y types, 
completely assembled and ready 
for operation. 

Glass tubing forms the filter 
bodies; end-plate assemblies are 
Teflon-resin-lined steel. Oper- 
ating pressures can range up to 
50 psi. Maximum operating 
temperature is 450 F.—Chem 
Flow Corp., Lodi, N. J. 232B 


Speed Reducers 


Cooling fins and fan in- 
crease unit capacity. 


A new line of speed reducers 
features specially designed ex- 
ternal cooling fins and a pow- 
ered cooling fan that provide 
80% more capacity than com- 
parable nonventilated reducers. 
The reducers also incorporate 
heavy-capacity bearings and 
shorter center distance between 
worm and gear. 

Mode! §, a horizontal, right- 
angle unit, comes with output 
shaft above or below center. 
Sizes range from 1.33 to 5.25 in., 
center distance. — The Ohio 
Gear Co., Cleveland, Ohio. 233A 


Vibration Inducer 


Air-driven car shaker is 
completely portable. 


A new, rugged, high-amplitude 
vibration inducer starts and 
keeps materials moving during 
the unloading of railroad cars or 
hoppers. Called the Vibrolator 
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DAY Hy-R-Speed Mills insure economical, 

fast, quality production, and you save 3 ways: 

1. YOU SAVE ON CAPITAL INVESTMENT. Its attractive price is a 

result of simplicity of design, a minimum of moving parts. 
It’s built for years of dependable service. 

2, YOU SAVE ON OPERATION COST. No skilled operator required. 

Complete clean-up requires less than 5 minutes. Precise 

particle size controlled by simple adjustment of stationary 


Write stone. Gives 4 times the production of ordinary mills. 
for new 3. YOU SAVE ON MAINTENANCE. Contact parts are rust proof. 
bulletin Stator and rotor stones are interchangeable, reducing inven- 


tory needs. Has record for dependable operation. 


If you disperse paints, chemicals, inks, plastics or food products, it 
will pay you to use a Day Hy-R-Speed Mill. Make Day your one source 


whatever you 


process. 
do it better, 
faster - at 


The J.H. DAY Goa. Division of The Cleveland Automatic Machine Co., 
4926 BEECH STREET, CINCINNATI 12, OHIO 
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EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


GARDNER 
DENWER 


In Canada: Gardner-Denver Company (Canada) Ltd., 14 Curity Avenue, Toronto 16, Ontario 


Here’s the compressor package you can spot in any corner of your plant, 
hook up and put to work. Foundation specifications are modest. It’s a 
champion on performance, too—noted for two-stage, water-cooled effi- 
ciency. And it’s a champion with staying power. Years without the touch 
of a wrench is not unusual for Gardner-Denver quality WB machines. Ca- 
pacities from 142 to 1150 c.f.m. displacement. Write for Bulletin WB-10, 
or call your local Gardner-Denver compressor specialist. Gardner-Denver 


Company, Quincy, Ill. 


Space-saving champ 


... money-saving winner 


NEW EQUIPMENT .. . 


DCVP, the unit is portable with 
its own mounting clamp, and 
can be mounted in any position 
or angle convenient to the job. 

Pneumatically driven, the de- 
vice starts and operates with 
minimum air at any angle. It 
is shockproof and sparkproof. 
Vibration frequency may be 
controlled from a few cycles to 
more than 60 cps.—Martin En- 
gineering, Neponset, Ill. 233B 


Serubber 


Simple device provides in- 
timate gas-water contact. 


Currently undergoing devel- 
opment in  Research-Cottrell 
laboratories, a new kind of 
scrubber is being designed for 
use in combination with electro- 
static precipitators. The device 
can also act as a_ scrubber- 
cooler. 

Known as a_ flooded-disk 
scrubber, the device essentially 
consists of a disk supported 
within a cylinder. Water from 
a distributing tube flows from 
the center of the disk toward 
the very narrow annulus be- 
tween the disk and the tube. 
At the annulus, the liquid in- 
timately mixes with and scrubs 
the high-velocity (250 to 300 
fps.) gas being cleaned or 
cooled.—Research-Cottrell Inc., 
Bound Brook, N. J. 234A 
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Beveled Orifice Unions 


Have two functions: join 
pipe, control flow. 


Forged carbon steel, beveled 
orifice unions, designed to join 
sections of pipe and at the same 
time help measure and control 
the flow of liquids or gases un- 
der pressure, are available for 
3- to 2-in. pipe. Working pres- 
sures range from 3,000 psi. at 
100 F. to 925 psi. at 900 F. 
Minimum hole size in the orifice 
plate is #: in. Union nuts are 
permanently lubricated by cad- 
mium plating.—Clayton Mark & 
Co., Evanston, IIl. 235A 


aint Air hoist runs cool 


Conversion kit changes opera- despite heat and humidity 


tion of Veeco bellows-sealed 
valves from manual to pneu- 
matic. Air requirement is 15 Maintenance of processing equipment calls for steam, plus a hoist 


to 75 psi. A seal-safe solenoid + 4: ’ 
pilat valve closes in case of that laughs at constant heat and humidity. That’s why so many 


electrical power failure. — chemical plants and refineries favor this 14-ton Gardner-Denver 
Veeco Vacuum Corp., New 86-1V10, air hoist (one of our complete line with capacities from 
Hyde Park, N. Y. 235B 150 Ib. to two tons). Reasons for this preference for Gardner-Denver 


Controller -pecitioner-valve com- hoists include: fire-safe, nonsparking operation; they provide a posi- 
bination that is electrically tive, steady lift; they possess every other feature required for easy, 


operated enables the smal! safe load spotting. Write for Bulletin 86-1. 
plant to maintain precise con- 
trol of process pressures and 
temperatures when  com- 
pressed-air supplies are un- 
available. Called the Fultro- 
Lectric, the new unit is 
claimed to have a high rate of 
response, adjustable propor- 


1959 


veass Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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Call your Chromalox Man for answers to... 


Widely 
different 
temperature 
requirements 
on various 
processing 
vessels 


When temperature requirements could no longer be met by a hot temper- 
ing oil central system, Chromalox “‘job-side” heating provided the answer. 


Recently, this New Jersey company converted an old hot- 
oil central system to Chromalox electric “job-side” heat- 
ing. In addition to being troublesome, the old system 
could not provide the variety of temperatures required 
for their growing diversity of products. Switching to 
Chromalox Immersion Heaters, they now use Aroclors 
and Dowtherm as heat transfer media. On one 350-gallon 
vacuum still, 18kw of heat capacity now provides tem- 
peratures of 290°C. Chromalox Type TMO Immersion 
Heaters operate in the bottom of the vented vessel jacket 
which contains the heat transfer medium. Using 30kw, 
a 450-gallon sealed jacket reactor can attain tempera- 
tures to 325°C, using Dowtherm-A. 

Since some vessels had previously been equipped with 
steam coils or were glass-lined, insertion of heaters into 


CHROMALOX has a complete line of electric heaters 
to meet all your liquid processing requirements: 


the vessel or jacket was impractical. Instead, transfer 
media is heated adjacent to the vessel and circulated by 
sump-type centrifugal pump. 

Perhaps your Chromalox Man, listed at the right, can 
help you solve some of your heating problems the easy, 
economical, electrical way. Why not give him a call for 

Faster heating of water, oils, Dowtherm, Prestone. 

Faster melting of grease, asphalt, solder, babbitt. 

Faster superheating of steam, compressed air. 


CHROMALO X 
INDUSTRIAL » COMMERCIAL + RESIDENTIAL 


EDWIN L. WIEGAND COMPANY 
7514 Thomas Boulevard ¢ Pittsburgh 8, Pa. 
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GA. 
Peachtree St, 
Trinity 5-7244 


BALA-CYNWYD, PA. 
J. V. Calhoun Company 
349 Ave. 
Mohawk 

Greenwood 3-4477 


BALTIMORE 18, MD. 
Paul V. Renoff Company 
333 East 25th St. 
Hopkins 7-3280 


BINGHAMTON, N. Y. 
R. P. Smith Co., Inc. 
94 Henry St. 

Phone 4-7703 


BLOOMFIELD, N. J. 
R. L. Faber & Assoc., Inc, 
1246 Broad St. 
Edison 8-6900 
New York: 4-2990 


BOSTON 11, MASS. 
Leo C. Pelkiis & Co., Inc. 
683 Atlantic Ave. 

Liberty 2-1941 


BUFFALO 2, N. Y. 
Niagara Electric Sales Co. 
505 Delaware Ave. 
Summer 4000 


CHARLOTTE 2, N. C. 
Ranson, Wallace & Co. 
116% E. Fourth St. 
Edison 4-4244 
Franklin 5-1044 


les As 1, TENN. 


Miles & Associates 
P.O. Box 172 
Amherst 5-3862 


CHICAGO 6, ILL. 
Fred |. Tourtelot Company 
407 S. Dearborn St 
Harrison 7-5464 


CINCINNATI 8, OHIO 
The Smysor Company 
1046 Delta Ave. 
Trinity 1-0605 


CLEARWATER, FLA. 
J. J. Galleher 
617-A Cleveland St. 
P. 0. Box 1376 
Phone 3-7706 


CLEVELAND 13, OHIO 
Anderson-Bolds, Inc. 
2012 W. 25th St. 
Prospect 1-7112 


DALLAS 26, TEX. 
L. R. Ward Company 
3009 Canton St. 
Riverside 1-9004 


DAVENPORT, IOWA 
Volco Company 
215 Kahl Building 
Phone: 6-5233 
DENVER 2, COLO. 
E. & M. Equipment Co. 
2415 Fifteenth St. 
Glendale 5-3651 
Genesee 3-0821 


DES MOINES 14, IOWA 
Midwest Equipment Co. 
of lowa 
842 Fifth Ave. 
Cherry 3-1203 


DETROIT 38, MICH. 
Carman Adams, Inc. 
15760 James Couzens Hy. 
University 3-9100 

HOUSTON 3, TEX. 

L. R. Ward Company 
3605 Polk Ave. 
Capitol 5-0356 


Call 
Chromalox 


for the man 
with the 


Electrical 
Answers 


to your heating 
problems 


INDIANAPOLIS 8, IND. 
Couchman-Conant, Inc. 
1400 N. Illinois St. 
Station A, P. 0. Box 
Melrose 5-5313 


KANSAS CITY 6, MO. 
Fraser D. Moore 

106 E. 14th St. 

Victor 2-3306 


LOS ANGELES 15, CAL; 
Montgomery Brothers 
1053 S. Olive St. 
Richmond 7-9401 


MIDDLETOWN, CONN. 
Dittman and Greer, Inc. 
33 Pleasant St. 

Diamond 6-9606 


MILWAUKEE 3, Wis. 

Gordon Hatch Co., Inc. 

1 W. Wisconsin Ave. 
Broadway 1-3021 


MINNEAPOLIS 4, MINN. 
Volco Company 

831 S. Sixth St. 

Federal 6-3373 


NASHVILLE 4, TENN. 
H. R. Miles and Associates 
2500-B Franklin Rd. 
Cypress 2-7016 


NEW YORK CITY, N. Y: 
See “Bloomfield, N. J."’ 


OMAHA 2, NEB. 
Midwest Equipment Co, 
1614 Izard St. 

Atlantic 7600 


PHILADELPHIA, PA. 
See ‘‘Bala-Cynwyd, Pa.”” 


PITTSBURGH 6, PA. 
Woessner- McKnig ht Co. 
1310 Highland Building 

115 S. Hi pane Ave. 
Emerson 


PORTLAND 9, ORE. 
Brothers 
W. Johnson St. 

Capitol 3-4197 


RICHMOND 26, VA. 
0. M. Thompson 
Westhampton Station 
P. 0. Box 876 
Atlantic 8-8758 


ROCHESTER 4, N. Y. 
Niagara Electric Sales Co; 
133 Clinton Ave. S. 
Hamilton 6-2070 

ST. LOUIS 1, MO. 

Cc. B. (Company 
tA N. 11th St. 


2 100 
2433 


SAN FRANCISCO 3, CALIF; 


Montgo — Brothers 
1122 Howard 
Underhill 1- 


SEATTLE 4, WASH. 
Montgomery Brothers 
911 Western Ave. 
Main 4-7297 


SYRACUSE 6, N. Y; 
R. P. Smith Co., Inc, 
2507 James St. 
Howard 3-2748 


WICHITA 2, KAN. 
Fraser D. Moore Co. 
Room 211 Derby Building 
352 N. Broadway 
Amherst 2-5647 


EXPORT DEPARTMENT 


1010 Schaft Building 
Philadelphia 2, Pa. 
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Pencil-size counter 


tional band and positive valve 
positioning.—Fulton Sylphon 
Div., Knoxville, Tenn. 235C 


Centrifugal fans with radial 


blades have ratings up to 
60,535 cfm. at pressures to 
18 in. H.O. Standard wheel 
sizes range from 14 to 714 in. 
dia.; maximum working tem- 
perature is 250 F. Gas-tight 
and corrosion-resistant con- 
structions are optional.—The 
Garden City Fan Co., Niles, 
Mich. 237A 


Gasket compound that combines 


cork and silicone rubber per- 
forms satisfactorily at much 
higher temperatures’ than 
heretofore possible. Known 
as LC-800, the compound is 
claimed to be less expensive 
than straight silicones. — 
Armstrong Cork Co., Lan- 
caster, Pa. 237B 


Standardized filter assembles 


and replacement elements for 
high- and low-pressure appli- 
cations from —350 F. to 350 F. 
are now offered by the manu- 
facturer. Filtration ratings, 
which span 2 to 250 microns, 
cover flow ranges from 1 to 
24 gpm. for liquids, and 200 
to 2,500 scfm. with air. — 
Bendix Filter Div., Madison 
Heights, Mich. 237C 


Portable solution filters utilize 


a canned turbine pump that 
is continuously lubricated by 
the solution being processed. 
This new improved model of 
the Pre-Met filter for precious 
fluids uses the same stainless 
steel filter tube as previous 
models. Ratings to 800 gph.— 
Sel-Rex, Nutley, N. J. 237D 


measures 
distribution of neutron flux 
in critical assemblies. Op- 
erating region is 900 v.; 
typical plateau length is 150 
v.; and average plateau slope 
is 3% per 100 v.—Radiation 
Counter Laboratories, Inc., 
Skokie, Il. 237E 


Miniature hydraulic valves for 


many advanced aircraft and 
missile applications are sized 
to proposed specifications MS 
24424 and MS 24423. Ports 
come for both flared and 


Aloyco Valves on 
26-year duty in 
hot acid system 


Still going strong in the sulphite pulp 
mill of Eastern Fine Paper and Pulp 
Division, Standard Packaging Corp., 
at South Brewer, Maine, is the Aloyco 
Stainless Steel ‘“‘ Y”’ valve, above. 

This, and other Aloyco Valves were 
purchased in 1933 when the hot acid 
system was installed here. They have 
been in continuous use ever since. 

Long trouble free service is the reason 
so many U.S. plants are turning to 
stainless steel and high alloy valves... 
even for mild corrosive service. 

Only one company has specialized in 
corrosion- resistant valves exclusively 
for 30 years: Alloy Steel Products Co. 
Call us in on your next valve job. Write 
us at 1301 West Elizabeth Ave. 9.7 


‘ 
Connosive ** 


ALLOY STEEL PRODUCTS COMPANY 


Linden, New Jersey 
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If you Disperse, Emulsify, Blend 
Particles or Pump, Control, Move Liquids 


.-GAULIN GTA* 
Provides the Right Answer! 


Send for These Free GTA Bulletins 


Homogenizers H-55, Laboratory 
Homogenizers LH-55, Sub-Micron Dis- 
perser SMD-55, Colloid Mills C-57, 
Triplex Pumps P-55, HX Pumps 
HX-57. 

*Gaulin Technical Assistance starts 
with the GTA library of product in- 
formation. Ask for all or specific 
bulletins on each piece of equipment. 
Then, call on Manton-Gaulin for 


Homogenizers, Sub-Micron Dis- 
persers, and colloid mills produce specialized Technical Assistance to 
uniform stable emulsions and dis- bring you experienced advice and fac- 


rsions of ultimate fi x 
einai ial tual data on the best method to mix or 


move your product. This GTA com- 
bination will save you time when plan- 
ning and save money when buying. 


Triplex Pumps and HX Pumps 
handle large volumes for transfer, 
metering or spray drying. 


71 Garden Street, Everett 49, Mass. 


World's largest manufacturer of stainless steel reciprocating, rotory, pressure exchange pumps, dispersers, 


Matched thermistors of varied 


homogenizers and colloid mills 
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NEW EQUIPMENT .. . 


flareless tubing connections. 
Sizes 4 through 16, in both 
stainless steel and aluminum. 
—Parker Aircraft Co., Los 
Angeles, Calif. 237F 


Voltage converter of portable 
design weighs only 34 lb., and 
contains no moving parts, 
tubes or vibrators. Developed 
to convert low-voltage direct 
current to high-voltage direct 
current, the device is claimed 
to be ideal for field operation. 
Output for 12 to 14 v. input 
is 225 or 450 v.—Central 
Scientific, Chicago, Ill. 238A 


Heat shield made of borosilicate 
glass provides protection and 
comfort for personnel work- 
ing in areas of intense heat. 
The window of glass, covered 
with a transparent metallic 
film, reflects 65% of long- 
wave infrared energy. Sizes 
to 2 x 4 ft—Corning Glass 
Works, Corning, N. Y. 238B 


Thick-jointed aluminum pipe is 
now available in a complete 
range of Schedule 40 equiv- 
alent sizes from Reynolds 
Metals Co. Walls are tapered 
in thickness to provide extra 
strength at the joint while 
eliminating excess metal in 
the pipe body. The pipe comes 
in 30- and 40-ft. lengths.— 
Reynolds Metals Co., Rich- 
mond, Va. 238C 


Flowmeter having 15,000-bph. 
capacity is claimed to be su- 
perior in accuracy, reliability 
and flexibility to any positive- 
displacement meter or any 
high-flow capacity meter now 
on the market. Known as the 
Turbo-Meter, the unit han- 
dles liquids of up to 500 SSU 
viscosity with an accuracy of 
better than 15 parts in 10,000. 
—Rockwell Mfg. Co., Pitts- 

burgh, Pa. 238D 


sizes and resistance values 
are offered for self-heated 
applications requiring stable 
operation. The new ther- 
mistors provide an economical 
means of obtaining close- 
tolerance interchangeability, 
with matching available to 
better than 1%.—Victory En- 
gineering, Union, N. J. 238E 


: 
GAULIN 
7 
Gaul GAULIN Lin 
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Ball plug valve designed for 
astronautic and cryogenic ap- 
plications features zero leak- 
age and one-quarter turn 
positive opening and shutoff 

at pressures up to 3,000 psi. 

Equipped for panel, bracket 

or line mounting, the valve 

can be used with corrosive 
fluids. — Hydromatics, Inc., 

Livingston, N. J. 239A 


Oil diffusion pump line provides 
peak speeds up to 138% 
higher than speeds obtain- 
able with conventional vac- 
uum pumps of comparable 
size. For example, the 4-in 
pump has a maximum speed 
of 720 1./sec. over the pres- 
sure range from 2x10° to 
2x10° mm. H¢g., with a limit- 

ing forepressure of 0.5 to 0.6 

mm. Hg.—Consolidated Elec- 

trodynamics Corp., Rochester, 

239B 


Pipe fittings lined with Plastisol 
(PVC) can handle slurries 
and abrasive solids at pres- 
sures up to 1,000 psi. Resist- 
ant to many acids, alkalis and 
organics, the fittings are sup- 
plied with grooved ends for 
quick jointing.—Victaulic Co. 
of America, Elizabeth, N. J. 

239C 


Equipment Cost Indexes... 


Sept. Dec. 
1958 1958 


Industry 


Process Industries 


Cement mfg.. ...... 223.3 223.7 
Clay products ...... 217.0 217.4 
219.3 219.7 
223.8 224.2 
Petroleum ind. ...... 227.5 227.8 
Rubber ind. ........ 230.3 230.6 


Process ind. avg... 228.6 228.8 


Related Industries 
Elec. power equip.... 236.0 236.4 


Mining, milling ...... 233.7 234.1 
Refrigerating ....... 260.3 260.6 
Steam power ....... 218.1 218.4 


Compiled quarterly by Marshall and Ste- 
vens, Inc. of Ill., Chicago for 47 different 
industries. See Chem. Eng., Nov. 1947, pp. 
124—6 for method of obtaining index num- 
bers; Feb. 23, 1959, pp. 149-50 for annual 
averages since 1913. 


CuemicaL ENcINEERING—June 15, 1959 


TRAPS ALMOST 4 CU. FT. 
OF DUST PER WEEK 


At Precision Rubber Products Corpora- 
tion, Dayton, Ohio, millions of seals pass 
through a buffing process every year. The 
resulting dust could constitute an operating 
and housekeeping hazard. To facilitate 
dust control, the company replaced eight 
individual collector units with a central 
Pangborn Dust Control system. This in- 
stallation saves floor space, operates quietly 
and gives efficient dust control (trapping 
almost 4 cu. ft. of rubber dust per week). 
Dust is now removed from one collector 
hopper instead of eight individual hoppers. 


If dust is a problem in your plant, talk 
to the Pangborn man in your area or write 
PANGBORN CORPORATION, 2600 Pang- 
born Blvd., Hagerstown, Md. Manufacturers 
of Dust Control and Blast Cleaning Equip- 
ment—Rotoblast® Steel Shot and Grit. 


One small 
Pangborn 
Dust Control 
system replaces 
8 collector 
units profitably 
at Precision 
Rubber 
Products 


| 
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PURECO 


The answer to 
your problem? 


Investigate CO, as an Inert Gas for 


pharmaceuticals inert pressure transfer 
paints and dyes explosives 

packaging powdering 

purging and blanketing 


Use CO, as a Refrigerant for 


pharmaceuticals 

grinding, plastics, 
resins, gums, etc. 

rubber tumbling 

vacuum traps 

low temperature testing 

lyophilizing 


Specify CO, as an Ingredient in 


pharmaceuticals carbonation 

ph control foam plastic 

foam rubber water treatment 

asbestos cement cure manufacture of carbonates 


Pureco CO, is quickly available—in solid “DRY ICE”, liquid or gaseous form 
from over 100 sales and service depots. There are also a variety of Pureco CO, 
supply systems available—cylinders—cylinder banks, converters, receivers— 
each “tailored” to fit your particular requirements. 

Pureco Technical Sales Service is qualified through its research in the field 
to assist you in adapting CO, to your particular process. Call Pureco today. 


Pure Carbonic Company 


A Division of Air Reduction Company, Incorporated 
150 EAST 42nd STREET, NEW YORK 17, N. Y. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 


Unified Perspective 


AN INTRODUCTION’ TO 
CHEMICAL ENGINEERING. 
By Charles E. Littlejohn 
and George F. Meen- 
aghan. Reinhold Publish- 
ing Corp., New York. 271 
pages. $7.80. 


This book comes at a time 
when engineering schools, recog- 
nizing a need, have begun to 
experiment with a more unified 
approach to chemical engineer- 
ing. Material presented here, 
intended for the beginning stu- 
dent in chemical engineering and 
related professions, can help that 
student gain a unifying perspec- 
tive on chemical engineering as 
applied science and as a profes- 
sion. 

The book does an excellent job 
of presenting fundamentals that 
must be learned before the stu- 
dent begins a study of unit op- 
erations and thermodynamics. 
Order of presentation is logical 
and lucid; instructive problems 
follow each chapter. 

The authors begin with a dis- 
cussion of professionalism and 
chemical engineering, defining 
unit operations, transfer opera- 
tions and unit processes. Fol- 
lowing chapters are: Sources of 
Information in Chemical Engi- 
neering, Graphs and Graph Pa- 
per (including triangular graph 
paper), and Fundamental Di- 
mensions and the Conversion of 
Units. Of these chapters, the 
preface remarks that material 
could be omitted, “but the au- 
thors have found that much of 
it is not adequately covered else- 
where...” 

Excellent chapters follow on 
Process Variables, Composition 
of Mixtures and Solutions, PVT 
Relations for Gases (ideal gas 
law is derived both from Ava- 
gadro’s hypothesis and from ki- 
netic theory of gases), Material 
Balances, Energy Balances (in- 
cluding thermochemistry) and 
Equilibria in Chemical Systems 
(phase equilibria and chemical 
reaction equilibria). Represent- 
ative of the careful presentation 
throughout is the clear develop- 
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ment of the concept of enthalpy. 
Fluid flow is introduced as 
an application of dimensional 
analysis. 

A final chapter on economic 
considerations reminds the stu- 
dent that an important phrase in 
the definition of chemical engi- 
neering is “economics is_ its 
guide in practice.”—JBB 


A Classic Updated 


MARKS’ MECHANICAL EN- 
GINEERS’ HANDBOOK, Sixth 
Edition. Revised by Theo- 
dore Baumeister. Mc- 
Graw-Hill Book Co., Inc., 
New York. 2,270 pages. 
$23.50. 


Revision of this classic piece 
of engineering literature entailed 
modernization of all sections and 
expansion of scope, but with close 
adherence to the precept of no 
increase in over-all size. 

Some of the striking altera- 
tions include: Addition of a 
14-page section on automatic dig- 
ital and analog computers; ex- 
pansion of the number of pages 
dealing with jet propulsion by 
100%; and substantial updating 
of nuclear power coverage. 

Gone from the new edition is 
the familiar thumb-tab indexing 
system, but in its stead is a more 
convenient system of page num- 
bers by section. All in all, the 
Sixth Edition is a must for the 
young man just entering the en- 
gineering field, and a worthwhile 
replacement for older editions 
now on the bookshelves of the es- 
tablished professional.—cvs 


BRIEFLY NOTED 


Book oF ASTM STANDARDS, 1958. 
13,600 pp. American Society for 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa. $116. Also 
available in parts. Total of 10 
parts contains 2,450 standard 
specifications, methods of test, 
definitions of terms and recom- 
mended practices. Parts are: 
Ferrous Metals ($12), Nonfer- 
rous Metals ($10), Metals Test 
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GRINDING AND DEHYDRATION 
for | FINER PARTICLES Sy 
LOW “MAINTE NANCE 


FLUID ENERGY 


OUTLET FOR FINISHED 
PRODUCT AND SPENT ss 
FLUID 


RAW FEED 


GRINDING 


NOZZLES 


AIR (OR STEAM 


- The Fluid Energy ‘“‘Jet-O-Mizer” Mill, designed and built by the pioneers 
. in fluid energy fine grinding, d6@8 far more than produce fine particles. It 
controls fineness and produet quality with a narrow distribution range 
and simultaneously with grinding can dehydrate, coat particles, blend and 
achieve chemical changes. 
Jet-O-Mizer Mills are being used all over the world, processing many 
types of materials in the following industries: 


* Abrasive * Food * Pigment ° Wax 
* Insecticide © * Mineral * Plastic * Metal 
Ceramic Pharmaceutical Carbon Chemical 


"Jet-O-Mizing” produces FINE PARTICLES 4 micron average and above 
PLUS . .. Narrow Particle Distribution ¢ Dry, or Controlled Moisture 
Content * Continuous Operation * Uniformity of End Product * Other 
Operations with Grinding * No Attritional Heat—No Moving Parts * 
Low Operating Costs * Low Maintenance 

Send for complete information on Fluid Energy’s ‘‘Jet-O-Mizer”’ Mills, “‘Jet-O-Clone” 
Dust Collectors, and TESTING AND CUSTOM GRINDING services. 

FLUID ENERGY PROCESSING & EQUIPMENT COMPANY 


Richmond & Norris Streets, Philadelphia 25, Pa. * Phone: Regent 9-7728 
(Formerly known as the Wheeler-Stephanoff Mill) 
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BOOKSHELF . 


Methods ($10), Cement, Road 


¢ eaner steam systems .. more 
ials, ils, , Ma- 


($12), Wood, Paper, Leather, 


: etc. ($10), Petroleum Products 

es ($12), Paint, Naval Stores, Coal, 

pee ete. ($12), Plastics, Rubber, etc. 
($14), Textiles, Soap, Water, 
etc. ($12). 


Foop-PACKAGING MATERIALS — 
THEIR COMPOSITION AND USES. 

STRAINERS 48 pp. National Academy of 
e Science, 2101 Constitution Ave., 
Built-in preventive maintenance ¢ positive protection against dirt and Washington 25, D. C. $1. Gives 
e information to help evaluate im- 

scale in a system clog-free operation quick, simple cleaning 
sit development principles for selec- 

tion of food-packaging materials. 


IDENTIFICATION AND DETERMINA- 
TION OF ORGANIC SULFUR IN 
Utinity GASES. 51 pp. Institute 
of Gas Technology, 17 W. 34 St., 
Technology Center, Chicago 16, 
Ill. $5. Presents methods to de- 
termine accurately (less than 1 
grain/100 cu. ft. of gas) types 
and amounts of organic sulfur in 


STRONG Strainers with threaded pipe connec- Flanged STRONG Strainers: semi-steel and utility and synthesis gases. 

tions: semi-steel (4”-3"), cast steel (%4"-2") cast steel Block Steel Strainers 

and cast bronze (4"-2”). available for pressure to 10,000 ODOR—MEASUREMENT AND CON- 
TROL. 82 pp. The Franklin In- 


stitute, Laboratories for Re- 
REDUCING VALVES search and Development, 20th 
and Benjamin Franklin Park- 
way, Philadelphia 3, Pa. $38. 
operation * long service life + wide selection of types, sizes posium, held in Oct. 1958, dis- 
and pressure ranges ¢ for use with steam, gas, air or water 


PHASE RELATIONS OF GAS-CON- 
DENSATE FLUIDS—CORRELATIONS 
oF TEST RESULTS AND COMPO- 
NENT PROPERTIES. Vol. 2. 523 pp. 
American Gas Assn., 420 Lexing- 
ton Ave., New York 17, N. Y. 
$15. Contains correlations of 
technical data obtained in 20 
years of research by U. S. Bu- 
reau of Mines in cooperation with 
American Gas Assn. 


Type “O” Valve: screwed (34% 

Type “K” Valve: screwed (4" %"), for pressures to 225 psi 
14"), built-in strainer, for pres- (Semi-steel). 

MORE NEW BOOKS 


Type “C” Valve: screwed Sures to 225 psi (semi-steel). 

or flanged (2”-4") stainless steel trim, 
Puastics. By A. H. Perry. Me- 
Graw-Hill. $8.75. 


For complete information on these and other STRONG STEAM SPECIALTIES, BRIEF COURSE IN ORGANIC CHEMIS- 


contact your local STRONG Distributor or write for your copy of the new Catalog ea a cae Wie 


No. 69A today. $5.75 


STRONG, CARLISLE & HAMMON 


508 Sand 
ky, Street. t + Conneaut, O AUTOMATION AND Society. Edited 
steam traps * airtraps + floattraps » FandT traps vacuum or by Howard B. Jacobson and Jo- 
pumping traps * continuous blowdown valves separators engine stops S. Philosophical 
ry. 
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HEATING AND COOLING COILs 


py MARLO 


MADE TO YOUR EXACT 


To Cool Fluids 


To Gases 
To Evaporate Liquids 
Available with or O. D. Tubes 
Coil Assemblies Available Up to 4834” wide, 
26” deep, 14-feet tube length and Fin Spacings 
of 4to 10 perinch. 


Other Stainless Steel Heat Transfer — 

Equipment by Marlo for the Chemical Industry: 

COOLING TOWERS © AIR WASHERS. 
EVAPORATIVE CONDENSERS 


For More Complete Information, Send Coupon ° MARLO COIL COMPANY 
Attached to Your Letterhead. * 7100 S. Grand Bivd., St. Louis 11, Missouri 
e Please send me complete information on the following stainless 
NM A R | steel Marlo heat transfer equipment. 
Heating and Cooling Coils Cooling Towers 
Evaporative Condensers (0 Air Washers 
coil co. NAME 
SAINT LOUIS 10, MISSOURI @ COMPANY. 
Quality Air Conditioning and Heat  —_ oni 
Transfer Equipment since 1925 e city ZONE___STATE 
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AS.M.E. code for a well known Texas 
rochemical company. (Design pres- 
150 P.S.1, destgn temp. 300°F, 
(0.0. (oll long 


Today’s rapid strides in the technology of process- 
ing plant operation make it essential for a manu- 
facturer of equipment to be “staffed up” with people 
who have had extensive training and experience. 
More than half our staff have spent a major part 
of their working life in this one field and have 
played a major role in the design and fabrication 
of many types of processing equipment. They know 
the limitations and workability of all metals and 
how to get maximum service from each. This accu- 
mulated knowledge of base materials and our 
extensive experience in design and fabrication 
means practical, trouble-free equipment at the low- 
est possible cost. 


It is impossible, in a field requiring such wide diver- 
sification, to illustrate, or even list, all the products 
we have been called upon to supply. The reboiler 
above is simply one among thousands. 


Call on us the next time you need equipment. We are 
fully qualified to design and fabricate to all codes. 


MANNING & LEWIS 


ENGINEERING COMPANY 


Dept. A, 28-42 Ogden Street, Newark, New Jersey 


Flesch Gets the Devil 
Sir: 

The article, “Here’s ‘A New 
Way to Better English,’” in your 
Apr. 20 issue (pp. 188-194) 
gives the impression that author 
Rudolph Flesch has_ resolved 
many common problems of usage 
and vocabulary to the satisfac- 
tion of all but the most obstinate 
grammarians. 

However, many examples cited 
in the article would be mislead- 
ing if used in their normal en- 
gineering contexts. 

Flesch’s own references ap- 
pear to be clearly in favor of 
selective vocabulary building. 
Perrin states, “They may be 
words a little off the beaten track 
but accurate and expressive... 
that can make your writing more 
exact or more vivid. They are 
the ones to salvage.” The Evans 
dictionary comments, “We must 
know the meaning of words, 
their specific meanings and their 
connotations, implications and 
overtones.” 

Overemphasis on “natural” 
language often results in loss of 
clarity. A striking misuse of 
a “natural” word is substitution 
of “underrate” for “minimize” 
in most engineering usage. 

Regarding the “academic ques- 
tions” which Mr. Flesch claims 
are settled, a brief review of the 
Evans dictionary indicates that 
the issues are still controvertible. 
For example, the dictionary 


DESIGNERS & MANUFACTURERS OF QUALITY HEAT EXCHANGE EQUIPMENT states: “In the physical sciences 
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data is more often treated as a 
plural.” 

My point is that most of these 
problems have not been settled. 
For many people, use of arbi- 
trary rules without regard to 
context will lead to worse, not 
better, English. 

DAVID G. BOWEN, JR. 
East Orange, N. J. 


Sir: 

Rudolph Flesch’s article in 
your Apr. 20 issue should have 
been titled, “A Lazier Way to 
Sloppy English!” 

It was with some relish that 
I began to read what I hoped 
would be an enlightening article. 
The first thing that brought me 
up short was not the preposition- 
ending first paragraph. No, the 
first real stopper was the state- 
ment that “practically everybody 
does avoid these obvious mis- 
takes.” Can Dr, Flesch have sud- 
denly become a hermit? 

Amazingly, he goes on to say, 
“Good English has become un- 
important,” and this within 
seven lines of the statement, 
“Good English is still essential”! 

Dr. Flesch leaves me some- 
what uncertain of the role he 
would assume in the great mythi- 
cal battle between the “scholars” 
—to whom he refers in good 
English but poor taste as “re- 
tired clergymen’—and the “sci- 
entists.” With one stroke he 
attempts to wipe out the work 
of the grammarians of a few 
years ago who, using methods 
very similar to those of today’s 
“scientists,” sifted the language 
as it was then used to find rules 
—rules designed only to make 
the language clearer and easier 
to use. 

Yes, good writers do split in- 
finitives and they do end sen- 
tences with prepositions. But let 
us not forget that, being good 
writers, they know what they are 
doing. Their violations are de- 
liberate and for a purpose, not 
merely fiagrant nor “beatnik.” 

Let us not cast a stigma on 
the “retired clergymen” because 
of our own laziness. Let us not 
blacken the word “grammar” 
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sbury 
“Deuble - S ” Ball 


Valves 


Give Peuhle-Value 


Double -PERFORMANCE 


Wherever the Jamesbury “Double-Seal” principle is 
employed in its multiple industrial applications, “Superior 
performance” is the phrase heard everywhere. 


PERFORMANCE -— the direct result of the high-effi- 
ciency and the long, maintenance free life of the James- 
bury product: “Double-Seal” Ball Valves. 


Ball Valves in pipe sizes 44” to 8” in Bronze, Aluminum, Stainless 
Steel, Carbon Steel. PVC 2” to 4” Quarter-turn. 


Distributors In Principal Cities. 
Get The Complete Facts On The Jamesbury “Ball Valve” Principle. 


Addi 
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At leading Industrial Dis- 
tributors in all 49 states. 


BEVELED ORIFICE 


Designed to join sections of pipe and 
at the same time measure or control 
the flow of liquids and gases under 
pressure at high or low temperatures, 
this new BEVELED ORIFICE 

Union introduced by Clayton Mark 
finds application in chemical proc- 
essing plants, oil production facilities, 
utility power plants, atomic installa- 

tions and countless other industries. 


The union is equipped with a one- 
piece, stainless steel disc shaped to 
fit the contour of the seats (ball to 
cone), thus _eliminating the need for 
gaskets. It is also easy to install on 
both horizontal and vertical lines, 


These carbon steel unions are avail- 
able in all sizes from 4%” to 2” pipe 
sizes. Special stainless steel orifice 
unions can be furnished on special 
request in 304 or 316 types. 


Specify the brand — Clayton Mark BEVELED ORIFICE 


Write today for 
additional information. 


CLAYTON 
MARK «Co. 


1900 DEMPSTER STREET 


EVANSTON, ILLINOIS 
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simply because it takes effort to 
learn it and use it well. 

Dr. Flesch would perform a 
far greater service by encourag- 
ing a simpler, clearer, more com- 
fortable use of the language 
within the framework of good 
grammar and good usage. It is 
a pitiful waste of talent when 
an author of stature and popu- 
larity sanctions and even ac- 
claims mediocrity simply because 
it has the blessing of the masses. 
What can his motive be? 

Alas, I’m beginning to under- 
stand “why Johnny can’t write 
neither.” 

JAMES J. FLYNN 
Consulting Chemical Engineer 
Philadelphia, Pa. 


Sir: 

While I would be the first to 
admit that a language is a grow- 
ing thing rather than a static 
one, there are some objections 
to Mr. Flesch’s simplification of 
the English language. 

It is impossible to stop the 
growth of a language, just as it 
is impossible to stop evolution. 
Infinitives will be split and par- 
ticiples will be dangled, in spite 
of the purists. But does that 
make it better to split than not 
to split? If a preposition falls 
naturally at the end of a sentence, 
fine; but if it does not, must we 
create an awkward structure to 
make it do so? 

Many of the words compared 
as “natural” vs. “pompous” are 
not exact synonyms. They have 
a particular or specific meaning 
in the different fields of engi- 
neering. I might find a claim 
without “locating” it, or I might 
find a claim that someone else 
had already “located.” We are 
certainly not going to teach our 
young people that the sun gets 
up in the morning or that the 
stock market got up yesterday. 
(Besides, rise is shorter and 
simpler than get up.) 

I can understand Mr. Flesch’s 
presentation, but what will hap- 
pen to the poor professors who 
might lose their positions while 
trying to do a good job? 

E. A. GODAT 


Monterrey, Mexico 


Sir: 
In this world where misunder- 
standing has caused so much 


calamity, it is certainly right to 
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encourage clarity of expression. 
However, I fear that Mr. Flesch, 
in your Apr. 20 issue, has leaned 
over so far backward that he has 
landed on his head. 

While I can agree, in general, 
that short, familiar words are 
preferable to long, unfamiliar 
words having the same meaning, 
I cannot agree that there is any 
intrinsic pomposity in such 
words as appreciate, reply, re- 
gret, purchase, locate, and most 
of the others which Mr. Flesch 
lists. As far as I can see, most 
of them are perfectly good syn- 
onyms for the so-called “natural” 
words. 

There are long words and 
short words, there are emphatic 
and indifferent words, there are 
general and specific words, and 
there are proper occasions for 
the use of each. 

Mr. Flesch does not seem to 
agree. He claims that a large 
vocabulary is a disadvantage in 
business. This, to me, is absurd. 
(It may be true, but it is still 
absurd.) 

There are times when clarity 
must come at the expense of vo- 
cabulary, as when a complex idea 
is being explained to an audience 
unfamiliar with the subject. 
There is never any justification 
for advocating mediocrity for 
the sake of mediocrity. 

Or was this article a joke the 
which I missed the point of? 

G. ALVIN MEAD 
Westfield, N. J. 


Pro: Spray-Dried Beads 
Sir: 

The article, “Better Way to 
Trace Liquid Flow Patterns,” 
(Process Design Notebook, May 
4) and this method of tracing 
flow are indeed interesting. 

We would like to point out, 
however, that production of the 
hollow, spherical particles by 
spray-drying is described in U.S. 
Patent 2,797,201, which was is- 
sued June 25, 1957, and is as- 
signed to Standard Oil Co. 
(Ohio). As described in the pat- 
ent, these particles have an aver- 
age diameter of 1-500 microns; 
true particle density can be as 
low as 0.05 g./cc. 

While we developed this mate- 
rial originally as a floating bar- 
rier to prevent evaporation of 
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a direct 
approach 


Sperry Filter Presses can 
be made with new glass- 
reinforced Polyester plates 
and frames. 


A filtration problem that’s unique 
to you ...is probably “old hat” to Sperry. 


Through 90 years of filtration leadership, Sperry has 
solved thousands of filtration problems for hundreds 
of industries—continually applying new ideas—new tech- 
niques—and new engineering know-how to produce flexible, supe- 
rior filtration at low cost! 


Sperry makes this priceless experience available to all industries 
—everywhere! To introduce it to your plant, simply write for a 
copy of Sperry’s comprehensive filtration catalog. It’s yours, with- 
out cost or obligation. 


FILTER PRESSES.-FILTER MEDIA- CLOSING DEVICES: PLATE SHIFTERS 


FREE SPERRY CATALOG 


The outstanding performance of low- 
cost Sperry Filtration merits your fur- 
ther investigation. Write today for your 
free copy of the complete Sperry Cata- 
log, including detailed information of 
Sperry’s Plate-Shifters, Closing Devices 
and other Labor- -Saving Accessories. 


D. R. SPERRY & CO. 
BATAVIA, ILLINOIS 


Sales Representatives 


D. R. SPERRY & CO. 
Batavia, Illinois 


© Send Free Sperry Catalog 
OC Have your Representative Contact us 


Company 


George S. Tarbox 
808 Nepperhan Ave., Yonkers, N. Y. 


B. M. Pilha 
833 Bias. Francisco, Cal. 


& McCabe 
847 = Denver, Colorado 
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THE 
ALL NEW 


SUB -X 


INERT GAS 
GENERATOR 


utilizes unique principles of design to provide 

refineries, chemical processors, metallurgical plants 

and other industrial users with a source of inert or purge 
gases that is compact in size... . highly efficient 

... extremely economical to operate. 


SUBMERGED EXHAUST OF 
COMBUSTION PRODUCTS 


makes feasible the use of low-cost river or contaminated 
water as coolant. The tank of water through which 

the gases pass provides an unusual degree of safety 

to prevent flash-back between the burner and the process. 


REFRACTORY IS ELIMINATED 


and maintenance costs reduced through the use of the 
high heat release THERMAL burner which can be fired 
with either gas or distillate oil. Units are supplied as 
complete packages and include all control and safety 
equipment. Standard models will produce up to 60,000 
SCFH of inert gas; larger capacity units can be designed 
to meet your specifications. 


Illustrated: 
50,000 scfh unit 


CONSHOHOCKEN e PENNSYLVANIA 


Submerged Combustion 


REPRESENTATIVES IN PRINCIPAL CITIES 


quip 


WV 777/ 
FOR DETAILED INFORMATION 
WRITE FOR BULLETIN #114 4 
THERMAL: 
© & Services: 
Thermal Research & Engineering Corp. ° + 
e Air Heaters 
e 
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crude oil from storage tanks, 
many other uses in widely di- 
verse fields have been discovered. 
The material has been available 
commercially since 1953 from 
Union Carbide and Colton Chem- 
ical. 

In 1956 we prepared hollow 
particles from a fluorescent glass. 
Patent applications are pending 
on this development. The hollow 
glass beads are produced com- 
mercially by Emerson & Cuming 
under the name Eccospheres. 

E. C. HUGHES 
Standard Oil Co. (Ohio) 
Cleveland, Ohio 


Here’s the Right Pitch 
Sir: 

I have discovered an error in 
nomenclature in one of Mr. 
Chen’s articles on heat exchanger 
design (Oct. 20, 1958, pp. 
153-156). 

In this article the terms P and 
P’ are defined incorrectly as 
baffle spacing; they should be de- 
fined as tube pitch. The calcula- 
tion given on page 155 does use 
P’ correctly. 

H. HERZIG 
Foster Wheeler Corp 
New York. N. Y. 


Pro: New Job Services 
Sir: 

Having read your article, “Job 
Signals Point Upward,” in the 
May 4 issue (p. 152), I am most 
interested in obtaining the mail- 
ing addresses of Careers, Inc., 
and Decision/Inc. 

NAME WITHHELD 
Montpelier, Idaho 
mailing addresses are: 
Careers, Inc., 15 W. 45th St., New 
York, 36, N. Y.; Decision/Inc., Cin- 
cinnati 27, Ohio.—Eb. 


Don’t Worry About Ph.D.’s 
Sir: 

In your Pro & Con column, 
May 4 issue, you have a letter 
from a reader with the above 
heading. 

That comment moved me way 
back to 1911. At that time I was 
the first chemist in a large 
Brooklyn plant. 
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One day I was talking to a 
pleasant Irish salesman when he 
said, “Ph. D.: Pig-Headed Dutch- 
man!” 

ARTHUR A. RAUCHFUSS 
Lenoir, N. C. 


JUST BETWEEN US... 


Dear Readers: 

Many of you, from time to 
time, have urged us to perforate 
the pages of Chemical Engineer- 
ing so that individual articles 
could be taken out. 

Our progress in making fea- 
ture material completely fileable 
has, of course, increased the de- 
sirability of finding some prac- 
tical method for making pages 
easily removable. 

Until now, however, we've 
been reluctant to join the trend 
to perforated pages. 

Perforated pages do not have 
the strength needed for perma- 
nent binding into reference vol- 
umes. (Along with your many 
requests for perforating have 
come urgent pleas from others 
that we refrain from any such 
action.) In addition, perforated 
pages usually have too small a 
margin for looseleaf binders. 

But now you have in your 
hands a new kind of Chemical 
Engineering. It’s bound without 
staples; a special adhesive holds 
so strongly that you can actually 
lift the magazine by a single 
page. The new CE opens flat. 
Open this issue anywhere, press 
the binding lightly, see how the 
magazine lies open on your desk. 

While the binding is strong, 
pages are easy to remove. When- 
ever your files are clamoring for 
a particularly valuable article, 
open the magazine and press it 
flat. Hold it down with one hand 
while you gently pull out the 
page you want. You now have a 
loose, full-size page—ready for 
your binder or file folder. 

Try this new way to remove 
pages and, after you do, let’s 
have your comments on our dou- 
ble improvement of flat opening 
and simple page removal. 

L. B. POPE 
Production and Copy Editor 
Chemical Engineering 
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CHEMPRO MECHANICAL SEAL 
“HOLDS THE LINE” 


960,000,000 GALLONS OF 
JUICE CONCENTRATE 


In September, 1956, CHEMPRO MECHANICAL 
SEALS were installed in 4 Allis-Chalmers high 
speed pumps located at the Minute Maid pro- 
cessing plant in Leesburg, Florida. The pumps 


recirculate orange juice through evaporators used to produce 


frozen orange concentrete. 

So far, each pump and SEAL has handled approximately 
560,000,000 gallons of concentrate. This service is so tough 
that most other previously used packings and seals needed 
frequent replacement. The original CHEMPRO MECHANICAL 


CHEMPRO MECHANI- 
CAL SEAL, Size 250 
WIC, quenched, 316 
stainless steel with Car- 
bon vs. Ceramic Seal 
Faces. 

Pump handles 2,000 
gal. of concentrate per 
minute and runs 24 
hours per day, 7 days 


per week, for 7 to 8 / 


months each year. 


SEALS are still in operation and 
there has been no leakage what- 
soever in any of the pumps. 


For information on CHEMPRO MECHANICAL 
SEALS IN TOUGH SERVICE, WRITE FOR 
BULLETINS CP-551 and 575. 


CHEMICAL & POWER PRODUCTS, INC. 


_ The Original Fabricators of Teflon Packings and Gaskets 


5 Rendwey: New York 4, N. Y. 
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Pilot Controller 


Timely, helpful, free. That's 
the kind of data, information 
and technical know-how that 
CE’s Reader Service section 
can bring you. 


Help yourself in this super- 
market of ideas. All you need 
is a pencil and a postcard. 


Here’s what's available: 
More information on any ad- 
vertised product or service; 
Latest technical literature (p. 
254); Additional details on 
new chemicals and equipment 
described in this issue (pp. 
92-102). 


ler Pilot As you read this issue— 
135 pencil in hand—circle numbers 


on your Reader Service card. 
Your selections will be mailed 


ly by th - 
Remote Control of Temperature or Pressure ce ace 


with TRUE Proportional Band Adjustment way to keep up-to-date with 


what’s new in processes and 


Now, the simplest true proportional band adjust- products. 


ment in the field . . . a compact, inexpensive unit for 
positive remote control of temperature or pressure in And why not take advan- 
countless applications. Fast-response bulb sends tage of our offer of a free 
to fifteen- reprint for your files. Just 
amper actuator or other control device. Long-life hock i 
dependability ends pilot control headaches. Avail- 
able as “blind” or indicating cantroller. 


Convenient knob adjustment 


Low air consumption 


wal 
Small, highly sensitive element N Chemical 
Simple field reversibility 


True proportional response Engineering 
Any 50° range, —20° F. to +380° F. Can be supplied 


Pressure: 3-35 psi; 5-75 psi; 15-1 4 factory mounted 
_ on control valve Re a d e r 


FOR COMPLETE INFORMATION, WRITE FOR BULLETIN LC-113 pS 
Service 


ze CONTROLS COMPANY RIGHT 


FULTON SYLPHON DIVISION e Knoxville 1, Tennessee HERE > 
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READER SERVICE... 


EDITORIAL REPRINTS - 


CE editorial reprints are now easy to get. Here’s 


a listing of what’s available. Now you can order—while they last— 


whatever you need to make your personal files more valuable 


ORDER NOW:* 


Use Reader Service Card for fast service. For 
each reprint you want just circle its number on 
the card. Fill in the blanks on the front, mail. 
Send no money, we'll bill you later. 


¢ Unit Operations 


Compressible Fluids—How to handle ($1)............. 
Crystallization—For purification (50¢).............. 
Drying—Methods, equipment, design, costs (75¢)...... 
Entrainment Separation—Equipment & performance (75¢) 
Foams—How to use and how to control foams (50¢).... 
Gas Purification—Today’s processes 
High Temperature Technology—Materials, processes (50¢) 
lon Exchange—A chronicle of remarkable advances (75¢) 
Liquid-Gas Contacting—A practical operation study (75¢) 
Liquid Proportioning—Equipment, methods, uses (50¢). . 
Mixing—Understand this universal operation (75¢)...... 
Process Control—Up-to-date instrumentation report ($1). 


70 
37 
86 


Size Reduction-—Major pieces of equipment (50¢)...... 25 
Solids Concentration—Survey of techniques (50¢)...... 67 
Solids-Gas Contacting—lIntegrated background (50¢).... 63 


Solids-Liquid Separation—Basic know-how ($1)........ 


¢ Equipment 
Conveyors & Elevators—Solving bulk moving (50¢)..... 
Heat Exchanger Design—Timely shortcuts (75¢)....... 


Heat Exchanger Calculations—12 part series ($1)...... 136 
Instruments—’’Hardware”’ section: Report No. 95 (50¢).. 96 
Mechanical Seals—How to select and use them (50¢)... 83 
Piping—Roundup of processes pipe, valves, fittings (75¢) 40 
Plastic Pipe—How and when to use (75¢)............ 135 
Pumps—How to pick the one you need for your job (50¢) 21 
Pump Seals—How to select the best (50¢)........... 92 
Solids Feeders—How to lick feeding troubles (50¢).... 28 
Strain Gages—How to use in chemical plants (50¢)..... 36 


© Materials of Construction 

Corrosion—Refresher on cause & cure ($1)........... 131 
High-Temperature Materials—!norganic, nonmetallic (75¢) 120 
Industrial Plastics—How and where to use them (50¢).... 35 
Lead Installations—Best designs for many uses (50¢).... 79 
Metals for High Temperatures—1 8th Biennial report ($1) 129 


Nonmetallic Inorganics—For severe conditions (50¢).... 125 
Processes 

Biochemicals Processing—The total picture (50¢)...... 93 
Bio-oxidation—Theory, design, practice (50¢)......... 68 
Chemicals From Petroleum—Available processes ($1).... 139 
Extractive Metallurgy—Via chemical engineering (50¢). 111 
Extremely Low Temperatures—Production and uses (50¢) 133 
Fermentation—!ts chemical technology (50¢)......... 74 
Fluidized Solids—Theory & Techniques (50¢)......... 33 
Manufactured Gas—To supplement natural gas (50¢)... 115 
Moving Bed Processes—Application plus theory (75¢)... 64 
Odor Control—How to be a good neighbor (50¢)....... 98 
Petrochemical Processes—A review of processes (50¢)... 26 
¢ Costs and Other Timely Topics 

Cost Control Systems—How to build your own (50¢).... 102 
Cost Index—One-year bibliographic index (35¢)...... 65 
Flowsheets—How to speed communications (50¢)...... 99 
Inflation—How to predict the shrinking dollar (50¢).... 78 
Lubrication—For chemical plant engineers (50¢)...... 50 
Modernization—Plan ‘59 for profits (75¢)............ 128 
Nuclear Industry—tThe role of chemical engineers (50¢).. 89 
Operation & Maintenance—The impact of 1958 trends ($1) 121 
Patent Fundamentals—Timely review (50¢)........... 114 
Petrochemicals—Economic review 123 
Pilot Plants—All the aspects of scale-up ($1).......... 127 
Plants & Processes—Ninth Inventory 1959 (50¢)...... 137 
Professional Registration—For PE-minded ChE’s (50¢)... 85 
Rockets & Missiles—Airborn reactor problems (75¢)... 119 
Safe Handling of ‘Reactive’ Chemicals (50¢)......... 134 
Statistics—How to use data effectively (50¢).......... 73 
10 Top Chemicals—Current trends (50¢)............ 132 
Water Pollution Control—To cope with problems (50¢).. 122 


New and Popular Series . . . 


Estimating Engineering Properties. By 


Wallace R. Gambill. Max Leva. 


Surface Tension (75¢)...... 


CE Refresher 
Your Design Reference File. By Ralph 


Flow Through Packings and Beds. By 


Thermal Conductivity (50¢).. 94 Packed Towers (50¢) ...... 103 Complex Reactor Design (50¢). 75 
Heat Capacities (75¢)...... 109 Fixed and Moving Beds (50¢). 107 Catalytic Reactor Design (50¢). 81 
Latent Heat (75¢)......... TH7 Fluidized Systems (50¢)..... 108 Reactor Design Problems (50¢) 87 


Thermodynamic Principles (50¢) 42 
Compression & Expansion (50¢) 45 


Interpreting Kinetics (50¢)... 66 
Simplex Reactor Design (50¢). 72 


Physical Equilibrium | (50¢).. 90 
Physical Equilibrium (50¢).. 
Fluid Flow Equations (50¢)...101 
Fundamental Math (75¢)..... 113 
Mass Transfer Operation ($1).130 


Cushing. Chemical Equilibrium (50g)... 49 
(756) 100 Homogenous Kinetics (50¢)... 57 Flow Formulas. By Maxey Brooke. 
Parte, 110 Catalytic Kinetics (50¢)..... 61 CE Flow File (50¢)......... 112 
* Don’t forget to ask for your copy of this issue’s free reprint feature (p. 196). 
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Is Filtration Your Problem? 


Let this 


NEW CATALOG 


help you 


FIGURE the filter area and capa- 
city required for your process and 
the size of filter press needed. 


DETERMINE COST of the filter 
press based on its size and required 
materials of construction. 


THIS FILTRATION 
_ ENGINEERING 
MANUAL IS 
YOURS FOR 
THE ASKING 


SELECT the filter press design and. 
type best suited to your needs. 


Is the fluid 
Corrosive 
Abrasive 
Viscous 


Delicate 
Thick 


then you need 


SHRIVER 


Here’s the time-tested positive 
displacement pump that cuts 
operating and maintenance 
costs in handling materials that 
quickly wear out ordinary 
pumps. It’s a double-acting pis- 
ton pump without packings; no 
leakage; easy to clean and ser- 
vice; low power cost; capable of 


PU M F discharge pressures to 100 psi. 
Bulletin 137A gives the facts. 


T. SHRIVER & COMPANY, INC. 
802 HAMILTON STREET + HARRISON, N. J. 


SALES REPRESENTATIVES IN: Chicago, III.—Atlanta, Ga.—Houston, Tex.—Detroit, Mich. 
St. Louis, Mo.—San Francisco,’ Cal.—Montreal, Que.—Toronto, Ont. 


FILTER PRESSES - VERTICAL LEAF FILTERS + FILTER MEDIA 
HORIZONTAL PLATE FILTERS + CONTINUOUS THICKENERS 
SLAB FORMERS + DIAPHRAGM PUMPS + ELECTROLYTIC CELLS 


EADER SERVICE .. . 


TECHNICAL 


Contents of This Issue 


Chemicals 

Construction material . . 
Electrical & mechanical 258 
Handling & packaging. . 260 
Heating & cooling 
Instruments & controls.. 261 
Pipe, fitting, valves.... 264 
Process equipment 

Pumps, fans, compressors 271 
Services & miscellaneous 272 


Chemicals 


Acetonitrile Detailed information 
on acetonitrile as an extrative dis- 
tillation solvent along with infor- 
mation on azeotropic mixtures of 
acetonitrile is available. 

83 *Union Carbide Chemicals Co. 


Activated Carbon Booklet de- 
scribes the types & various appli- 
cations of activated carbons, in 
both liquid & vapor phase adsorp- 
tion. Available now. 

63 *Pittsburgh Coke & Chem. Co. 


Beta-Propriolactone 9 p. bulletin 
0818-1 describes the — chemi- 
cal and bactericidal properties of 
the surface sterilant. Covers stor- 


age, handling. 
254A Wilmot Castle Co. 


Boron Trifluoride Data bulletins 
outline the use of boron fluoride 
gas & its complexes as efficient 
catalysts in organic synthesis. Wide 
range of applications. 

75 *Allied Chem., Gen. Chem. Div. 


Chemicals Physical & thermody- 
namic properties of many com- 
monly-used elements & compounds 
are covered in new brochure offered 
by catalyst maker. No. 1488. 

217-218e * U.S. Industrial Chemicals Co. 


Cleaning Compound 4 p. bulletin 
594 describes a fuel oil sludge sol- 
vent for cleaning equipment in 
fuel oil systems. Also prevents 
sludge accumulation. 
254B Betz Laboratories 


Corrosion Inhibitor A new eco- 
nomical corrosion inhibitor for 
aqueous recirculating systems com- 
bines dodium molybdate with or- 
thophosphate. 

217- 2186 *U.S. Industrial Chemicals Co. 


Corrosion & ne Preventive... .for 
all metals, is added to hot water 
rinses. Said to promote spot-free 

to leave an_ invisible 


p n. 
217-218g *U.S. Industrial Chemicals Co. 


* From advertisement, this issue 
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Federated Lead Fights Corrosion! Federated lead is one of 


the most efficient and economical protection materials against many 


LITERATURE 


Dicyclopentadiene Dioxide... .. 3 p. bul- acids. Lead is self-healing. Scratch it and a protective coating re-forms 
letin 95 lists its uses as a plasti- 
cizer and as an intermediate for immediately. Lead is easy to work and moderately priced. Federated 
d h ‘eal lead j h p 
armaceuticals, pesticides. roduces chemical lead in sheets to your requirements, Pi 
B55A Food Machinery é& Chemical P 
Fluorcarbon Resins......Teflon. TFE traps and standard fittings available from stock. Special forms fabri- 
Guay we to 500 Gitecoman den cated to order. Call the Federated Sales Office near you. Or write for 
uses in your processes ol — Bulletin No. 162, the Lead Handbook for the Chemical Process Indus- 
ee tries. Federated Metals Division, 120 Broadway, New York 5. In Can- 
Fumaric Acid...... works wonders to 
improve the properties & upgrade ada: Federated Metals Canada, Ltd., Toronto and Montreal. 


of color & performance of ly- 
ester resins, alkyds, rosin adducts, 


drying oils, etc. aniline Div. FEDERATED METALS DIVISION OF 


195 *Allied Chem. 


Fused Quartz...... for ultraviolet trans- 
mission application, laboratory 
ware & production equipment. Also 
development for special require- 
ments. Bulletin. 
24-25d *Engelhard Industries, Inc. 


Germicide...... 1 p. bulletin describes 
the properties and composition of 
a new quaternary, BTC-824-20% 
powder with unusually high bioci- 
dal properties. 
255B Onyx Oil & Chemical Co. 


Identification reagent.. ..for synthetic 
fibers, as well as for animal & 
vegetable fibers, can now be ob- 
tained. Imparts distinct colors to 


different fibers. 
217-218d *U.S. Industrial Chemicals Co. 


Imidazone Derivatives...... 11 p. data 
bulletin describes properties and 
uses of imidazole derivatives, said 
to possess a high degree of stability 
because of molecular structure. 
255C Houdry Process Corp. 


Indicators...... The Minoxo Indicator 
& super-sensitive Deoxo Indicator 
for detection & measurement of 
oxygen or hydrogen impurities in 
other gases. Literature. 
24-25b *Engelhard Industries, Inc. 


Industrial Oil...... Stanoil contains a 
special antioxidant which gives the 
oil resistance to chemical change. 
Has a high viscosity index, is resist- 
ant to temp. change. 

108 *Standard Oil Co. (Indiana) 


— 


* From advertisement, this issue 


Want to build up your 
files and keep them up-to- 
date? You can get any publi- 
cation in this comprehensive 
guide — free — just for the 
asking. 

It’s easy — simply circle 
item’s number on the Reader 
Service Posteard and mail. 
Replies will come directly 
from companies offering the 


literature. 
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PUMP 
EXHAUST 
‘AERATE 
AGITATE 
COMPRESS 
ATOMIZE 
CIRCULATE 
INJECT 
EXTRACT 


Ill 


berthy 
pumps, 


special 


any or al 


attention. 


Division of Buffalo 
1242 Holden Avenue 


Direct Reading 
LIQUID LEVEL GAGES 


Designed with exclusive features for range’ 


ditions or other specific requirements. 

@ REFLEX — 3 pressure groups to 3600 
psig. Lengths to 12 ft. Liquid shows 
black for positive accuracy. 

@ TRANSPARENT — 4 pressure groups to 
10,000 psig. Lengths to 12 ft. Clearly 
shows color, density on media. 


@ SPECIAL SERVICE — High pressure, 
Frost-Proof, Heating Tube and Cham- 
ber, Welding Pad, Large Chambers 
and Inclined Gages, Explosion-Proof 


PENBERTHY 
EJECTORS 


Hydraulic, air and 
steam operated Pen- 


hausters and syphons) simplif 
dling of fluids, vapors, gases and “hot” 
materials. In a variety of standard and 


PENBERTHY 
= SUMP PUMPS 


Your request for literature or 
specific engineering data, for 


will receive prompt, personal 


PENBERTHY MANUFACTURING COMPANY 


-Eclipse Corporation 


There’s Certain Satisfaction 
PRODUCTS BY 


ressures, temperatures, corrosive con- 


uminator. 


PENBERTHY 
GAGE VALVES 


Exclusive “floating shank” saves 

on installation, eliminates strains 

common to forced installations. 

@ Threaded Valves for service 
to 6000 PSI 

@ Threaded Valves for service 
to 1500 PSI 

@ Stuffing Box Valves for, service 
to 750 PSI 

@ Special Valves and Accessories. 


ejectors (jet 
eductors, ex- 
han- 


designs and materials. 


Automatic, electric, explosion-proof, 
submersible and standard types in 
8 models, 20 sizes. 


1 Penberthy products, 


Detroit 2, Michigan 


@ INJECTORS 

@ CYCLING JET PUMPS 
@ LIQUID LEVEL GAGES 
@ GAGE VALVES 

@ SUMP PUMPS 
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LITERATURE... 


Inorganic & Radiochemistry...... 
ume 1 of new series of publications 
on advances in organic & radio- 
chemistry RS now be purchased. 


Contains 449 
217-218h *U.S. Industrial Chemicals Co. 


Limonene Dioxide...... p. bulletin 96 
describes chemical’s ad as a reac- 
tive diluent for epoxy resins, as a 
primary building block for epoxy 
—- in alkyd resins, plasticizers. 

256A Food Machinery & Chemical Corp. 


Lubricants...... The complete line of 
speci formulated lubricants for 
ACF lubricated plug valves are de- 
scribed in Catalog 800 which is 
available. 
57f *ACF Industries, W-K-M Div. 


Molten Sulphur...... Detailed instruc- 
tion sheets & drawings are avail- 
able on request for those interested 
in proper facilities for handling & 
storing molten sulphur. 

-*Texas Gulf ‘Sulphur Co. 


Organic Compounds...... Selective re- 
ductions of organic compounds with 
complex _— hydrides are dis- 
cussed in new brochure now 
available. bibliography. 

217-218j *U.S. Industrial Chemicals Co. 


Phosphoric Acid..... Wet-process phos- 
phoric acid has a growing market 
as an agricultural chemical raw 
Offers product quality & 

is adaptable to process needs. 
217-218a “US. Industrial Chemicals Co. 


Platinum Catalysts...... High level of 
purity in production of chemicals, 
vitamins & biotics. Brochure, “The 
Role of the Platinum Group Metals 

As Catalysts.” 
24-25a ‘*Engelhard Industries, Inc. 


Plastics, Reinforced...... 8 p. “Fast- 
acting Reinforced Plastics,” 
technical release 7, describes new 
systems and newly developed spray 
equipment to handle them 
256B Union Carbide Plastics Co. 


Plastisols...... Portfolio titled “Plas- 
tisols and Organosols in Industry” 
covers vinyls, lacquers, synthetics, 
enamels, epoxies, in 6 p. illustrated 


data sheet. 
256C Stanley Chemical Co. 


Radioisotopes...... 4 p. brochure ex- 

plains how radioisotopes provide 
optimum quality control in continu- 
Ous process operations. Highlights 
use in various process industries. 

256D Radiation Counter Laboratories 


Reagents...... 12 p. bulletin HSP-909 
describes equipment & reagents for 
fast, on-the-spot water testing. 
Contains 16 product illustrations, 
on tables. 

agan Chemicals & Controls 


Refractory Cements....Description and 
data on a newly expanded line of 
roducts for industrial furnace sav- 
ngs appears in an illustrated 16 

p. booklet. 
256F Mexico Refractories Co. 


rod- 
4 si- 


56G F Union Carbide Corp. 
Silicone Rubber...... 8 p. brochure 
high ts the use of room tem- 


perature vulcanizing silicon rubber 
or plastic tooling and plastic model 
operations. 

256H General Electric Co. 


* From advertisement, this issue 
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LITERATURE .. . 


Skin Protector...... 2 p. leaflet de- 
scribes performance of a lotion 
for protecting skin of employees 
in the plastic and chemical field. 
Lists companies using it. 
257A Vanfaire Co. 


Sodium...... Metallic sodium added in 
small quantities to aluminum 356, 
improves ductility & the already 
— properties of this 


alloy 
217- S. Industrial Chemicals Co. 


Construction Materials 


Alloy Castings...... Useful information 
about high alloy castings are con- 
tained in up-to-date catalog. Ta- 
bles to help you select the proper 
— for your casting specs. 

*The Duraloy Company 


Aluminized Steel...... Special hot-dip 
aluminum-coated steel proves eco- 
nomical for durable jacketing of 
vessels in chemical plants, refin- 
eries, & power Plants. Details. 

1 *Armco Steel Corp. 


Castings...... Facilities for furnishing 
rough or fully machined castings. 
Feature ductile iron castings. Cata- 
log #401 on castings gives complete 
information. 

284 *Bethlehem Foundry & Machine Co. 


Coatings...... Amercoat No. 78 offers 
dependable, all-around protection. 
Tllustrated copies of comparative 
tests of Coal Tar Epoxy Coatings 
is now available. 

2 *Amercoat Corporation 


Coatings Protective...... for steel tank 
lining, concrete tank lining, con- 
crete floors, tank cars. etc. Book- 
4 — the complete selection 

R267 *Wisconsin Protective Coating Co. 


Fabricating.. ..Complete construction 
service possessing the most com- 
plete range of construction equip- 
ment prepared to erect any prod- 
uct it fabricates. Information. 

38-39 *U.S. Steel, Amer. Bridge Div. 


Insulation...... Complete information 
on other insula- 
tions is contained in the catalog 
which is now available on request. 
= for your copy. 

*Baldwin-Hill Company 


Insulation...... Foamglas insulation is 
waterproof, vapor-proof, acid-proof, 
vermin-proof & dimensionally sta- 
ble. Complete information in latest 
industrial brochure 
104 *Pittsburgh Corning Corp. 


Insulation, Blanket...... is ready for 
installation and easily conforms to 
surfaces. Gives maximum thermal 
efficiency at temperatures as high 
as 1200F. Free Sample. 

48 *The Eagle-Picher Co. 


Iron-Nickel Alloys...... Publication en- 
titled “Directory of U. S. Producers 
of the Iron-Nickel Alloys” provides 
data and procurement information 
for these alloys. 
257 International Nickel Co. 


Sateen fights corrosion & is one of 
the most efficient & economical 
protection materials against many 
acids. Write for the lead handbook, 
Bulletin No. 162. 

255 *Federated Metals Div. of Asarco 


* From advertisement, this issue 
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Vacuum and Pressure 
‘Filter Element Covers 


© Dust Collector Tubes, 
_ Bags and Envelopes — 


Anode Bags 


NFM Filter Media are 
woven from treated Cotton, 
VINCEL+, SARAN, DYNEL, GLASS, 
DACRONii, TEFLON***, POLY- 
ETHYLENE, ORLON*, AND POLY- 
MAX}. This wide range insures 
your obtaining the type of ele- 
ment covering having the 
greatest degree of chemical 
resistance and best general all 
round performance for your 
particular operation. 


NFM element coverings are ac- 
curately and durably fabricated 
by skilled personnel at both our 
New Haven and Salt Lake 
plants. Experience has demon- 
strated that filter cloth costs 
are at a minimum and filter 
performance at a maximum 
wherever NFM products are 
employed. 

If you are not absolutely certain as to which type of synthetic 
or natural fiber is best for your use send us a complete descrip- 
tion of your operating conditions and we'll be glad to make a 
recommendation. Our many years of experience mean that we 
have quite a fund of knowledge always at your disposal. 


+TM—NFM Reg. U.S. Pat. Off. 
+4TM for DuPont Polyester Fiber 


*TM for DuPont Acrylic Fiber 
***TM for DuPont Tetrafluorethylene Fiber 


Weaver Industrial Ji her for Years 


General Offices and Mills: New Haven 14, Conn. 
Western Office and Factory: Salt Lake City 10, Utah 


Mexico City: Maquinaria Minera, Apartado Postal £215 
Cincinnati, Ohio: Roselawn Center Bidg 

Houston, Texas: 1607 Jefferson Ave. 

Pensacola, Fla: Chem-Quip Co., 1102 Texar Drive 
Montreal: Lee Benner Chem., 4700 Prince of Wales 


Hudson, Ohio: 227 Hartford Drive 

Los Angeles, Calif.: 416 West 8th St. 

Chicago, IlI.: 6034 N. Cicero Ave. 

Elizabethton, Tenn.: Paul Chapman Assoc., Box 787 

Toronto: Lee Benner Chem., C. P. R. Roadway, 1119 Yonge Street 


257 


: 


LITERATURE .. . 


Monel Tuabing...... “The Monel Family 
of Small Tubing” lists chemical 
composition, physical constants and 
mechanical properties of Monel, 
“403” and Mon 
258A International Nickel 


Nickel Alloys..... for high-temperature 
& low temperature filtering. New 
booklet “Handling Fluorine and 
Fluorine Compounds with Inco 
Nickel Alloys” offered. 

33 *The International Nickel Co., Inc. 


Packings..... “Lattice-Braid” teflon will 
A. Central flue for hot furnace gases. withstand temperatures ranging 

Header f a d from —90 F to +500 t is long- 
B. Header for center flue and return lasting & chemically-inert. Infor- 
mation in Catalog AD-131. 


hot gas ducts. r . 
C. Hor gas ducts. 26-27a *The Garlock Packing Co. 
Stainless Steels...... “How Stainless 
Steels Serve the Petrochemical In- 
E. Feed head. booklet advantages, 
performance an properties of 

F. Vapor discharge head stainless steels. Company’s services. 
G. Furnace gases discharge head. 258B Armco Steel Corp. 
Stainless Steel...... Information on all 


services in stainless steel are avail- 


bl t. Included late, 

Rugqles- Coles INDIRECT-FIRED plate products, heads, rings, etc 
lis Carlson, Inc 

DRYERS and HEATERS 


for pipe, tube, strip, sheet, plate, 
bar, & wire. Complete information 


& Dry without contamination from combustion gases, contained in Bulletin 20-8 on re- 
quest. 
regardless of fuel. ES *Union Steel Corp. 
€ inimi ili i i Titanium Sheet...... is available in 
Minimize dust when handling fine gauges ‘from’ to” from 
” diamonds, standar 
precipitates and filter cake. i, 2 1%" diamonds, é& in standard 
Sheet is offered. 
Heat pulverized materials for process work. 124 *Mallory-Sharon Metals Corp. 
Collect vapors at high concentration. 
Electrical & Mechanical 
ad Available fabricated with heat and corrosion-resistant 
metals. a Condulets...... “Condulets for Corro- 


sive Locations” is the title of a 
new bulletin detailing one of the 
manufacturer’s equipment lines. 
— charts show applications. 

258 Crouse-Hinds Co. 


Control Center...... All wiring chan- 
nels are large & accessible from 


al 


104” diameter 


by 65’ lon 
Ra See: front without removing units. Up 
88 to eight combination starters fit in 
Indirect Dryer a 20” x 20” x 90” section. 
removing 61 *Square D Company 
moisture Dielectric Heaters... .. Loadmaster con- 
trol & the resulting full capacity 


operation is just one of the many 
features of the dielectric heater. 
Details. 


*Allis-Chalmers 


Electrical Connectors...... Bulletin 2711 
contains complete descriptions, 
specifications and _ configuration 

og for both type RPE and 


from washed 
and filtered 
Kaolin clay 

at Gardner, Ga., 
plant of Mineral 
and Chemical 
Corporation of 


America, Edgar ype R . 
Division. 70 Crouse Hinds 
Electro-Sheave...... Ten-page booklet 

Write for complete specifications. Ask for Bulletin AH-438-11 


ion on standard electric motors 
from 1 to 25 hp. in size. 
258D Warner Electric Brake 


HARDINGE 
. pressure cells directly convert pres- 
into electrical 


sure changes 

a e facts. 

258E Baldwin-Lima-Hamilton Corp. 


YORK, PENNSYLVANIA + 240 ARCH ST. + Main Office and Works 
New York Toronto Chicago Hibbing - Houston - Salt Lake City San Francisco - Birmingham - Jacksonville Beach 
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GOODLOE COLUMN PACKING 


201 Installations to date—19mm. to 67.75 in. dia. 


67.75 Inch Diameter Unit 
LOW COST, HIGH CAPACITY, LOW H.E.T.P 
MINIMUM PRESSURE DROP, PROVEN COMMERCIALLY 


Bulletins and Additional Information on Request 


PACKED COLUMN CORPORATION 


30 Church Street, New York 7, N. Y. 
Tel. WOrth 2-7240 


A Column Packing For Every Application 


Finds ALL Cracks, Pores, Leaks 
IN NONMAGNETIC MATERIALS 


ZYGLO 


Portable BLACK 


most sensitive LIGHT 
Inspection Kit 

ady to use. 
$7.4 00 
TEXIALS IN 1 y faxes extra. 
PUSH-BUTTON 
Includes only. 

Utilizes Zyglo ZL-22, developed 
— - for supersensitive testing of jet 


engine and missile parts. Finds 
defects nothing else will find and 
marks them right on part. Gives 
you versatile, cheap, on-the-spot 
testing for pilot runs, tools, crit- 
ical areas of big parts, limited 
run production, etc. Order now 
—pin this ad to your letterhead 
or P.O.—or write for full facts 


MAGNAFLUX Bd 
1 7347 W. Anslie Avenue, Chicago 31, Illinois 
] Please send ZYGLO  Kit(s) @ $125.00 each. 
1 Check enclosed, t $. Send on our P.O. 
number. 
t D Send only free illustrated bulletin now—includes low prices of 
ZYGLO replacement materials: pressure cans and m. 


CuemicaL EncINEERING—June 15, 1959 


Replaces the Block Valve 
Reduces Threaded Connections 


New 
Jerguson VALVE. 


with 


VERTICAL RISING BALL CHECK 


for Genéral Use 


YOU can eliminate the usual block valve 
and greatly reduce the number of 
threaded connections when you use the 
new Jerguson 66UVG Valve for your 
instrument piping and other general use. 


This new valve has the outlet offset 7” 
and has a vertical rising ball check on 
the downstream side of the seat. The ves- 
sel connection may be screwed, flanged, 
or for socket welding. 


Threaded connections are reduced, for 
the valve combines unions, nipples, re- 
ducers, elbows, tees, valve and bleed 
valve into one space saving unit. 


Valve has double seating stem for re- 
packing under pressure, pressure bleeder 
valve and test gage connection, regrind- 
able and renewable seats, union connec- 
tion to gage, and many optional features 
and connections. 


Write for drawing A-7952 
and full information. 


Gages and Valves for the 
Observation of Liquids and Levels 
JERGUSON GAGE & VALVE COMPANY 
100 Adams Street, Burlington, Mass. 

Offices in Major Cities 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
Pétrole Service, Paris, France 
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EASTERN 
PORTABLE 
MIXERS 


especially 

designed for 
small batch 
processes 


offer 
precise mixing 
results with 
long term 
cost savings 


Eastern Portable Mixers are especially designed for dependable, low cost 
service in small batch processes. Where fixed mounted installations are not 
required, Eastern’s Portables offer greater versatility, ease of handling, and 


long term cost savings. 


Speeds of 420, 1125, and 1725 R.P.M. rated from 1/20 to 3 H.P. are standard, 


with variable speed and air-driven models also available. 


Motors in all 


standard types can be supplied in semi-enclosed, totally-enclosed, or explosion- 
proof construction. Shafts and single or dual propellers are available in a 


choice of alloys for all service requirements. New 
optional ball-swivel clamp as illustrated, permits 
easy adjustment of mixer position in tank. 


For a personalized analysis of your mixing problems, 
send details to Eastern engineers. A recommended 
solution will be furnished promptly and without 
obligation. For a helpful guide to mixing funda- 
mentals, write for “Handbook of Fluid Mixing.” 


Eastern’s improved line is included in 
the revised Portable Bulletin No. 530-B. 


INDUSTRIES, INC. 


MIXER DIVISION 
Regent Street 
East Norwalk, Cona. 


LITERATURE... 


Gaskets....... Teflon-jacketed gaskets 
come in four —_ designs. Long- 
lasting for ay & fit- 
tings. Comp ~ etails in Catalog 


AD-154. 
26-27b *The Garlock Packing Co. 


Generators, Inert Gas...... with the fa- 
mous industrial carburetor. Better 
quality control & increased safety, 
at lowest operational cost. Bul. 1-10. 
Send for your copy. 

203 *C. M. Kemp Mfg. Co. 


Mechanical Seals...... Seal faces are 
adjustable externally by single 
set screw arrangement. ul. CP- 
551 & 575 give information on Me- 
chanical Seals in Tough Service. 

249 *Chemical & Power Products, Inc. 


Motor Control...... Ratings are to 1500 

hp at 2200 volts; 2500 hp at 4000- 

volts. Full details on ¢- com- 

eng line of motor control either 
or low voltage. offered. 

Allis-Chalmers 


Motordrives...... The AIRtrol is avail- 
able on all Reeves motordrives. 
Examples of AIRtrol in process 
control systems is found in the 
Instrumentation Data Sheets. 

59 *Reliance Elec. & Engr. Co. 


Motors....... Explosion-proof chemical 
motors are ideal for — 
trochemical, plastics paint 
a Bulletin 1050 gives 


further f 
110 “*The Louis Allis Co. 


Motors...... C-W Sealedpower motors 
now available up to 300 hp in 
totally-enclosed, fan-cooled & ex- 
designs. All the facts 

new bulletin PB 6000-2. 
232 *Elliott Co. 


Screw Conveyor Drives...... Bulletin 
describes a compact screw conveyor 
drive complete with speed reducer, 
packing gland and drive shaft, all 

of which mount as unit. 
260A Dodge Mfg. Corp. 


Solenoid Starters...... Bulletin 709 
starter are made in 9 sizes from size 
0 up to size 8. Bulletin 709 Size 7 
with maximum ratings of 300 hp. 
Send for your copy. 
55 *Allen-Bradley Co. 


Thermocouples...... “Ceramo” features 
include accuracy to indicate exact 
temp., sensitivity to indicate 
changes & corrosion resist- 
ance. Bul. 325-E. 
12 othe Electric Co., Inc. 


Handling & Packaging 


Portable Hoists... .. Two new light- 
portable air hoists are 


in new bulletin. The 
1,000-1b. hoist weighs 39 lb.; the 
2,000-lb. model weighs 56 lb. 

260B Ingersoll-Rand 


Air Hoists...... Offer fire-safe, non- 
sparking operation; they provide a 
positive geeay lift; they possess 


every feature for easy safe load 
aot ing. Bul. 86-1. 
*Gardner-Denver Co. 


Drums, Stainless Steel...... 
contamination-free 
acids, essential oils, 
fumes, viscous materials, ete. 
specifications available. 
1 *Pressed Steel Tank Co. 


* From advertisement, this issue 
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LITERATURE .. . 


Electric Trucks...... Four-page folder 
describes the use and operation of 
small electric-powered walkie 
trucks. Selection information and 
data on special attachments. 
261A Moto-Truc Co. 


Materials Handling..... Equipment cat- 
alog covers manufacturer’s line 
of materials handling, parts han- 
dling, and power 
Sapa: shaft seals, 


‘aynivon Co. 


Heating & Cooling 


Dryers & Heaters...... Dry without 
contamination from combustion 
gases, regardless of fuel. Collect 
vapor at high concentration. Speci- 
fications in Bul. AH-438-11. 

258 *Hardinge Co., Inc. 


Inert Gas...... Units are 
supplied as complete packages & 
include all & 
Detailed information is conta 
in Bulletin #114. 

248 *Thermal Research & Engineering 


Heater, Hi-Turbiant........ Illustrated 
Bul. HT-100 gives detailed data & 
shows typical systems. Two fields 
application; transfer 


uids & direct 
106 *Western Precipitation Corp. 
Kilns, Dryers, Coolers...... for heat- 


transfer efficiency. Flow design 
rerecommendation research and 
& installation are all in- 

cluded. Bulletin 25C6177. 

227 *Allis-Chalmers 


Preheater, Air...... Factual informa- 
tion on LJUNGSTROM Air Pre- 
heater is contained in a reprint of 
a published magazine article which 
is now available. 

116 *The Air Preheater Corp. 


Thermo-Panel Coils..... Take the place 
of old-fashioned pipe coils. As- 
sure increased capacity. Complete 
facts & prices of the latest models 
are available. 

BR270 *Dean Products, Inc. 


Instruments & Controls 


Analytical Instruments....... Compre- 
hensive brochure discusses appli- 
cations and advantages of instru- 
ment analysis. Details on spectro- 
chromatography. 

1C Perkin-Elmer Corp. 


Analyzer...... The Billion-Aire contin- 
uously indicates & records contami- 
nants in the range of — er bil- 
lion to parts per mil elpful 
literature offered. 

43 *Mine Safety Appliances Co. 


Colorimetric Analyzers....... Industrial 
instruments available for colori- 
metric determinations of trace ma- 
terials dissolved in process streams 
is aa of Bu. 1156-1. 
261D Milton Roy Co. 


Automatic Recording Titrator...... now 
on market is designed to make 
variable & constant ph measure- 
ments automatically. Simultane- 
ously provides permanent record. 

217-218A *U.S. Industrial Chemicals Co. 
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Bubble 
trouble 


double 


trouble! 


kill foam with a 
Dow Corning SILICONE DEFOAMER 


Is foam giving you the old “one-two”? One—slowing up your 
processing . . . two—running up your costs? Fight back hard. 
Knock out foam fast, with Dow Corning silicone defoamers . . . 
most efficient foam killers known! 


3,125,000 lb cellulose slurry 
62,500 lb hypo fix and film developer 


6,2 250. ‘lb acetic acid-wood alcohol 


distillation mix 


loz 
kills foam in: 


FREE SAMPLE! Moke your own test. Return coupon below for generous trial sample of o 
Dow Corning SILICONE DEFOAMER. No obligation, of course. 


first in 


silicones 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


2618 | 


name 


Prime 


company 


Bory 


ZONE STATE 
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Part of the Petroleum Chemicals Inc. installation at Lake Charles, La., 


Roy Trahan photo 


showing the two Air Liquide units mentioned below. 


Low-temperature separation at its best! 


The large and complex project of Petro- 
leum Chemicals Inc. and Calcasieu 
Chemical Inc., at Lake Charles, La., is 
typical of the wide scope and adaptabil- 
ity of low-temperature gas separation. 


At the P.C. ammonia producing plant, 
a raw hydrogen feed stream containing 
platformer, butadiene, hydroformer and 
ethylene cracking off gases, is treated by 
an Air Liquide low-temperature nitro- 
gen scrubbing unit. It is the largest of 
its kind to handle such a variety of 
feed streams. 


The resulting ammonia synthesis gas, 
in correct hydrogen-nitrogen ratio and 
containing less than 20 ppm of total 
impurities (CO + Oxygen), is rated at 
the ammonia equivalent of 310 tons per 
day. Pure nitrogen for the ammonia and 
for the liquid nitrogen scrubbing is 
produced in an Air Liquide air separation 
plant rated at 100 tons of oxygen per 
day. Both units will maintain the same 
product purities even at 60% capacity. 

The Calcasieu Chemical plant, with 
an Air Liquide 180-ton-per-day oxygen 
unit, uses the gas directly to manufac- 


/ 
AL 


“Ss 


AMERICAN 


OLDEST IN EXPERIENCE 


ture ethylene oxide. This unit, differing 
from the conventional design, is a low- 
pressure regenerator type producing at 
the required pressure of 225 psig using 
liquid oxygen pumps. This special Air 
Liquide cycle eliminates the problems of 
oxygen compressors and results in a safe 
plant with lower power consumption 
and good process control. 

Behind these achievements is more 
than half a century of design and 
engineering experience which can help 
you solve your own low-temperature 
problems. 


Thousands of Air Liquide plants of 
every type are in use throughout world 
industry. Here are some of them: 


e Air separation—oxygen, nitro- 
gen, and rare gases. 


e Coke-oven gas separation. 
e Refinery gas separation. 

e Methane purification. 

e Natural gas liquefaction. 
e Pure CO production. 


e Heavy water — for atomic 
reactors. 


e Hydrogen liquefaction. 
e Helium recovery. 


For complete information, write or call 


AIR LIQUIDE 


ENGINEERING & CONSTRUCTION DIVISION 


NEWEST IN DESIGN 


405 LEXINGTON AVE., NEW YORK 17, N.Y. 


In Canada : L'AIR LIQUIDE, 1111 Beaver Hall Hill, Montreal, Que; 
In Europe : L'AIR LIQUIDE, 75 Quai D’Orsay, Paris, France, 


LITERATURE .. . 


GE 312 Digital Control 

omputer for on-line process com- 

puting application in industrial & 

utility systems. Brochure CPB-36 
for more information. 

47 *General Electric Co. 


Continuous Voltage Stabilizer 
new unit accurately re 
D-C reference voltage supply to 
measuring circuit. Full details 
available. 
30-31 *Minneapolis-Honeywell 

Controls Microsen Electronic Proc- 
ess Controls transit accurate meas- 
urements over long distances & 
assure process stability & efficiency. 
Information. 

14-15 *Manning, Maxwell & Moore, Inc. 


The new simplified Pi- 
lot Controller offers remote control 
of temperature or pressure with 
true proportional band adjustment. 
Bul. -113. 

250 *Fulton Sylphon Div. 


Electronic Controller The new 
R465 offers instant visual compari- 
son of parallel set-point & process 
carriable indicators. Factual bulle- 
tin for details. 

20-21 *General Precision Co. 


Electronic Weight Detector 
weight of any load can be automat- 
ically obtained & recorded without 
need of a weighman. Complete 
information on request. 
282 *Fairbanks-Morse 


Gages, Liquid Level Direct reading 
type designed with exclusive fea- 
tures for range of pressure, tem- 
peratures, corrosive conditions or 
other specific requirements. 
256a *Penberthy Mfg. Co. 


Bulletin GEA- 

describes new nationwide in- 

strument rental program estab- 

lished by manufacturer through a 
of service shops. 


General Electric 


Laboratory Instruments 
let gives an up-to-date listing of 
laboratory apparatus and instru- 
ments available from the manufac- 
turer. Price information. 
262B E. H. Sargent & Co. 


Level Indicator Radionic deter- 
mines liquid or solid level within 

a closed vessel using nuclear ra- 
diation. Unaffected by extreme 
ressures & temperatures. Bul. 558. 
L267a *Instruments, Inc. 


Level Indicator, Liquid & Solid 
Electr-o-probe detects liquid 
solid levels, liquid-liquid interface 
or foam-liquid interface. Explosion 


Ee design. Bul. B-06. 
67b *Instruments, Inc. 


Liquid Level Instrumentation. ...Newly 
published catalog covers the manu- 
facturer’s complete line of instru- 
ments for measuring liquid levels 
and tank contents. 
262C Uehling Instrument 


Liquid Level Control Bulletin 3004 
covers a new line of liquid level 
controls for pressure ranges from 
0.02 to 100 psi. and to 30 in. vac- 
uum. Complete selection data. 
262D Petrometer Corp. 


Meters, Liquid Designs to meas- 
ure most anything that flows... 
including all stainless steel meters 
for corrosive liquids. Full details 
on meters & accessories. 

45 *Rockwell Mfg. Co. 


* From advertisement, this issue 
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Write for 


Bulletin No. 583 


To assure your filter’s maximum operat- 
ing efficiency and economy, get to know 
how Multi-Metal’s vast experience in de- 
signing and making filter leaves can 
help you meet your needs best. You'll 
find it pays. 


WIRE CLOTH CO., Inc. 


fej 


SILICONE 
ANTIFOAM 


° 


Cuemicat Encineerinc—June 15, 


Now, from the laboratories of UNION 
CARBIDE, come new SAG Silicone Anti- 
foams ... that fight foam fast! ( 

SAG Antifoams were developed after 
years of research to find the most effi- 
cient method of fighting foam. SAG Anti- 
foams are effective in small quantities 
—often less than 10 parts per million! 
There are two types: SAG 470 Emulsion 
for aqueous systems; SAG 47 Fluid for 
non-aqueous systems. Only a few cents’ 
worth eliminates thousands of cubic 
feet of costly, space-eating, storage-kill- 
ing foam. 

You'll like having SAG Antifoams 
handy. They are shipped to you ready 
to use and are stable in storage. 

TRY SAG! Write for a handy sample 
today. This coupon makes it easy! 


SILICONES 


UNION 
CARBIDE 
SILICONES DIVISION 
Union Carbide Corporation 
30 East 42nd Street, New York 17, N.Y. 
Send sample of (_ ) SAG 470 emulsion; (_ ) SAG 47 


fluid; and data on SAG Silicone Antifoams. 


Dept. RT4706 


Name 
Company 
Address 


City State 
“Union Carbide” and “SAG” are trade-marks of UCC, 


1959 


Call ina 


DURA 
MAN 


for expert 
advice on 
mechanical 


Sales and 
Service is 
Nation-wide 


Mechanical sealing service 
at its best! Fifty-six trained 
men working out of thirty area 
offices offer assistance in 
meeting your sealing needs. 


DURAMETALLIC CORPORATION 
KALAMAZOO, MICHIGAN 
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The most efficient operating UTERATURE 


covers application of newly devel- 
oped controls for power generating 
stations. Bul. E-88. 
262E Cooper-Bessemer 


Process Instruments. ...Condensed cat- 
alog illustrates new models of 
pneumatic and electric controllers, 
regulators, recorders, thermometers . 
and laboratory equipment. 
264A Scientific Instrument 


Thermometers Model 1740 is the 
new RMC 3” dial straight form 
thermometer. This & other models 
feature the hermetic sealing proc- 
ess. Information. 

114 *Rochester Manufacturing Co. 


Transductors for accurate instru- 
mentation, metering & control of 
high-voltage direct-current sys- 
tems. Complete information avail- 


able. 
R275 *Westinghouse Electric Corp. 


Transmitter New dp transmitter 
tames pulsating flow with adjust- 
able internal damping. Achieved 
by a needle valve which restricts 
flow of sealing oil. Cat. 10B-1465. 
123 *Fischer & Porter Co. 


Full details of the 
d/p Cell Transmitters as a basis 
for your control system are con- 
tained in Bulletin 13-11A which is 


Design makes the difference: in over a thousand plants available on request. 
across the continent, Buell Cyclones have proved themselves = ‘The Foxboro Co, 


Valve Positioner The 713R electro- 


more efficient than any other cyclones made. Buell’s exclusive pneumatic valve positioner features 
Shave-off port (A), traps the extra percentage of dust that ordi- high threshold sensitivity, wide 
supply pressure range, & great 


nary cyclones lose. And large-diameter (B), custom-engineered adaptability. Bul. 98334. 
*Taylor Instrument Co. 


54 


design eliminates bridging, clogging, or plugging during opera- 
tion, keeps efficiency high without interruption. Regardless of 
your present or planned plant layout, Buell equipment can be Pipe, Fittings, Valves 
designed to solve your dust collection problems efficiently and 


economically. There’s valuable information in a concise book- Ejectors Hydraulic, air & steam 
let, “The Exclusive Buell Cyclone”. Write Dept. operated _ejectors simplify han- 
12-F Buel i i dling of fluids, vapors, gases & hot 
uell Engineering Company, Inc., 123 materials; ins variety of standard 

ee special designs. 
William Street, New York 38, N. Y. 256c *Penberthy Mfg. Co. 


Expansion Joint Teflon expansion 
joint molded of Fluoroflex-T out- 
asts most other materials & con- 

structions. Offers high tensile 

BUELL i strength. Bulletin B-1A. 

107 *Resistoflex Corporation 


CYCLONES 

Expansion joints The Expansion 
Joint Design Guide features 28- 
pages of valuable information on 
expansion compensators, flexible 
connectors, etc. 
85 *Flexonics Corp. 


Pipe, PVC A copy of the new 32- 

ELECTRIC pose illustrated catalog on PVC 

PRECIPITATORS oe hematin pe is now available. There are 
400 corrosion resistance ratings 

available for PVC Pipe. 

205 *A. M. Byers Co. 


Pipe, PVC comes in sizes from % 
inch to 14 inches in diameter, & 
in schedules A, 40, 80 & 120. It 
does not contaminate sensitive so- 
lutions. Bulletin No. 24. 

PRECIPITATOR-CYCLONE 288 *U.S. Steel, National Tube Div. 


COMBINATIONS 

Tubing, Flexible For any operating 
conditions, bronze, galvanized & 
stainless steel corrugated & in- 
terlocked tubing. All types, all 


Experts at delivering Extra Efficiency in sizes outlined in booklet. 
R273 *Pennsylvania Flexible Tubing Co. 


DUST COLLECTION SYSTENS * Prom advertisement, this issue. 
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LITERATURE... 


Pipe, Rubber...... New brochure de- 
scribes Condor flexible rubber pipe, 
for use with corrosive, abrasive con- 
ditions or where vibration or ther- 
mal expansion is problem. 

A Manhattan Rubber 


Piping, Distilled Water...... Tin lined 
piping & valves designed especially 
for distilled water distribution sys- 
tems are described in Bulletin No. 


139. 
265B Barnstead Still & Sterilizer Co. 


Piping, Industrial...... Use of the man- 
ufacturer’s couplings, fittings and 
other pip! products for industrial 
piping lescribed in Form No. 
259. Illustrated. 
265C 


the proper alloy for. 


Dresser Mfg. Div. 


Unions...... Beveled Orifice unions are 
easy to install on both horizontal 
& vertical lines. These carbon 
steel unions are available in all 
sizes from 4” to 2” pipe sizes. 
246 *Clayton Mark & Co. 


Valve...... The new 66UVG vaive with 
vertical rising ball check for in- 
strument piping & other general 
use. Drawing A-7952 & fuil infor- 
mation available. 

*Jerguson Gage & Valve Co. 


Valves, Zail...... feature two sealin: 
surfaces & handle wide range o 
liquids & gases. They are easily 
adapted for remote control devices. 
Literature available. 
245 *Jamesbury Corp. 


Vaive, Butterfly...... with the Series 
480 pneumatically operated piston 
can handle high pressure drops of 
several hundreds of pounds de- 
pending on size of body & shaft. 
49 *Fisher Governor Co. 


Valves, Check...... New edition of cata- 
log describes the patented, posi- 
tive-control features of a line of 
check valves for high-pressure serv- 
ice. Minimum pulsation. 
265D Daniel Orifice Fitting 


Valves, Diaphragm...... Complete in- 
formation on straightway or stand- 
ard weir types, handwheel, level, 
or power operated is now available 


on request. 
42 *Grinnell Company, Inc. 
Valves, Diaphragm...... to match eve 


type of pipe or pipe lining material. 
Bulletin 115, “Diaphragm Valves 
for Every Type of Pipe” is now 


available. 
64 *Hills-McCanna Company 


Valves, Gage...... features exclusive 
“floating shank” which saves on 
installation, eliminates strains com- 
Cink Valves SS. ful information about high alloy castings in our 
256b *Penberthy Mfg. Co. and there's lots more useful in g y 

: : up-to-date*catalog describing Duraloy Service. SEND FOR YOUR COPY. 


Valves, Line Blind...... squeeze dead 


tight against the center spectacle As one of the pioneers in both static (1922) and centrifugal (1931) high alloy 

plate forming an inpassable line . Ith of i f high all ti 

shut-off that’s both permanent & castings, we have a wealth of experience to focus on your high alloy casting 

absolute. Catalog. problem. Send for our catalog, study it, and then let us help you get the best 

226 Hamer Valves Inc. alloying combination to solve your corrosion, high temperature and/or 
Valves, Plug...... are available in semi- abrasion problem. 


steel, Ni-resist, carbon steel, bronze 
& aluminum. Lubricant protects 
against corrosion. Details in Cata- 


log 400. 
5ia *W-K-M Div. of ACF Industries 


Valves, Plug...... A complete line of 
lubricated plug valves with sizes 
from %” to 36” & pressures to 15,- 
on lb. Complete details are avail- 
able. 

34-35 *Rockwell Mfg. Co. 


OFFICE AND PLANT: Scottdale, Pa. 

EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y. 
ATLANTA OFFICE: 76—4th Street, N.W. 

CHICAGO OFFICE: 332 South Michigan Avenue 

DETROIT OFFICE: 23906 Woodward Avenue, Pleasant Ridge, Mich. 
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WITHOUT. 


FAIRMONT... 
LASY-FLO 


bin device 


A Gravity Control Tap That Dis- 
charges Dry, Semi-Dry or Moist 
Bulk Solids in Loads up to 7000 
Pounds per Minute. 


This new FAIRMONT —built Easy-Flo 
Bin Device is designed and engineered 
to insure control and storage outflow of 
bulk solids that includes pigments, ores, 
plastic and metal powders and cata- 
lysts, etc., in forms of dusts, prills, 
pellets, granules, tablets, etc., in dry, 
semi-dry or in moist condition up to 12 
per cent surface moisture. 


The new FAIRMONT —built Easy-Flo 
Device regulates outflow by gravity... 
controls forces and conditions acting 
on material unloaded from the bins 

. speeds it up to 7000 pounds per 
minute without stoppage! 


A low pressure discharge outlet elim- 
inates costly gates and similar cut-off 
equipment. The double-cone stainless 
steel gravity element automatically 
maintains the material in an unpacked 
state once it passes from the storage 
bin into the Device. 


Ruggedly constructed of non-mov- 
able parts, the FAIRMONT — built Easy- D 
Flo Bin Device is precision fitted and "| 22%" 
durably bolted to eliminate vibration 28”| 60"| 30” | 30” 
and excessive wear, and to cut out main- 36"| 88"| 43%" | 44%” 
tenance and repair. Three standard NOTE: It may be necessary to install a 
sizes for permanent installation are 
available. When requesting additional information in- 
clude layout and details of existing equip- 
ment, capacity of bin (cu. ft.), and size, 


screen analysis and surface moisture of ma- 
terial to be handled. 


FAIRMONT MACHINERY COMPANY 


FAIRMONT, WEST VIRGINIA 
ENGINEERS +¢ DESIGNERS + FABRICATORS and CONSTRUCTORS 


LITERATURE .. . 


Valves, Solenoid Catalog lists com- 
plete line of over 200 solenoid 
valves of bronze and stainless steel 
construction. 0 to 10,- 
000 psi.;-300 to 500 F. 
266A Atkomatic Valve Co. 


Welding Fittings Fabricated sec- 
tions can be installed without de- 
lays because each fitting is well 
within tolerance. Bulletin FB-504. 
Send for your copy. 

122 *The Babcock & Wilcox Co. 


Process Equipment 


Crystallizer designed to meet your 
requirements, both as to construc- 
tion materials & capacity. A new 
technical paper containing valuable 
facts is offered. 

95 *Swenson Evaporator Co. 


Disperser for pigment dispersions. 
Bulletin SMD-55 contains informa- 
tion on construction & operation 
plus illustrations & specifications 
of the Sub-Micron Disperser. 
266B Manton-Gaulin Mfg. Co., Inc. 


Dryers, Vacuum Tumble ar- 
rive completely assembled, fully 
balanced & ready for use. Drying 
is fast & expensive solvents are 
condensed & recovered. 

72-73 *Patterson Kelley Co., Inc. 


Dynamic Washers The UW-4 
washers are ideal for high loading 
conditions where maximum effi- 
ciency is desired. Self-cleaning & 
ye explosion proof. Bul. W-7456. 


*The Ducon Co., Inc. 


Dust Cellectors Cyclones feature 
large-diameter design that elimi- 
nates bridging & clogging. Booklet, 
“The Exclusive Buell Cyclone” for 
complete information. 

264 *Buell Engineering Co. 


Dust & Fume Control Sixty dif- 
ferent plant installations are illus- 
trated and described in a new Dust 
& Fume Controls - catalog, 
available on request. 

Kirk & Blum Mfg. Co. 


Feeders, Airlock available in 
standard duty, heavy duty & blow- 
thru types. “How to Select A Ro- 
tary Airlock Feed” is available. 
Bulletin P58 
BL273 


*Prater Pulverizer Co. 


Filter, Glass-Bag for the toughest 
industrial applications such as: 
cement kilns, reverberatory fur- 
naces, calciners, converters, etc. 
Detailed information. 

66 *Dracco Div. of Fuller Co. 


Filter Leaves Bulletin No. 583 con- 
tains complete information on 
multi-metal properly designed fil- 
ter leaves. maximum op- 

erating efficie 

TL263 *Multi- Metal Wire Cloth Co., Inc. 


New FPT filters are com- 
pletely resistant to chemical attach 
& ideally suited for filtration of 
liquids, gas diffusion & purifica- 
tions. Bul. FPT-2. 
272 *Chem Flow Corp. 


Catalog, including detailed 
information of plate-shifters, clos- 
ing devices & other labor-saving 
accessories for your filtration prob- 
lems is offered. 

247 *D. R. Sperry & Co. 


* From advertisement, this issue 
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MODEL B-06 


| 


BY CAPACITANCE... 


For positive on-off control and determination 
of liquid or solid level within a closed vessel 
or piping using nuclear radiation. Mounted 
externally. RADIONIC is used NOW for CO, 
fill control, uranium ore hoppers, food con- 
tainer filling, varnish blending, acid slurry 
refining, asphalt pots, ‘green salt’ reactors, 
high energy jet fuels, latex drums, electrical 
transformer case filling. 

Write for Bulletin No. 558 


A capacitance operated super-sensitive elec- 
tronic relay. Detects liquid or solid levels, 
liquid-liquid or foam-liquid interface*. Probe 
mounted internally. ELECTR-O- PROBES® 
are NOW in use for detection of liquors and 
foam in pulp and paper mills; heavy fluids, 
acids and fluid interface in chemical plants; 
alarm-- for refrigerant control in freezing 
plants; mixed feeds; water-oil interface; fluids 
in dairies, breweries, etc. 
Write for Bulletin No. B-06 


* Model B-06 shown features unitized explosion-proof con- 
struction, plug-in components, tank side mounting. 


BOX 556 «+ TULSA, OKLA. 
PIONEERS IN LEVEL MEASUREMENT AND 


— 


BIFOR IMMERSION SERVICE 


CONTROL INSTRUMENTATION 


resistant impactors 


i 


For closely controlled particle size 
reduction, minimum temperature rise, 
high abrasion resistance and low horse- 
power requirements with no grinding 


Grinding raw glass scrap to 95% minus 
16 mesh. Entoleter® Impact Mill with wear 


processing of this extremely abrasive material. 


@ Centrifugal Impact Mills and Mixers 
Send for complete literature. 


ENTOLETER 


DIVISION OF SAFETY INDUSTRIES, 4 
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tolerances to maintain. 


RECENT APPLICATION 


for economical tonnage 


® Vibrating Screens 


Box 9 904, New Haven, Conn. 


MAINTENANCE SERVICE 


| OTHER PLASITE PRODUCTS 


YOUR 


PROTECTIVE E COATINGS 


WRITE FOR | 
YOUR COPY | 
TODAY! 


PROVEN IN TH 

PROCESS INDUST E 

@ STEEL TANK LINING 

@ CONCRETE TANK LINING 

@ PROTECTION OF STRUCTURAL 
STEEL, FUME DUCTS AND 
EQUIPMENT 

@ CONCRETE FLOORS 

@ TANK CARS 


FOR HEAVY DUTY 


COLD SET COATINGS 
HEAVY BUILD using standard 4 
spray or brush methods. ; 
WIDE CHEMICAL RESISTANCE 
to acids, caustic solvents, — 
salts, de-ionized water, and 
aqueous solutions. 2 
HIGH TEMPERATURE RESIST- | 
ANCE not affected by ther- 
mal shock. 
AIR DRY field applications. __ 
EXCELLENT BOND — No Prim- _ 
ers on white metal blasted 


INCLUDE: cauixinc COMPOUNDS 


PRIMERS 
(3 
coating 


BAKING COATINGS 
COMPANY _ GREEN BAY, WIS. 
REPRESENTED IN PRINCIPAL INDUSTRIAL AREAS 


WISCONSIN 
protective 


rar 

| 

LEVEL INDICATION DETECTION * CONTROL | 

BY RADIATION ... | Tl OF Ss 

4 

© | 

© 

E 

kS 

| 2 

a 

GRIND BETTER BY | 

st rns 

Free te ial. 

eee 


LITERATURE .. . 


Filtration Equipment New catalog 
available to help hag figure the 
filter area & ome ity — for 
your process & size of filter 


ress needed. 
peda *T. Shriver & Co., Inc. 


for any liquid, for high 
pressures and for h tempera- 
tures. Catalog offers complete tech- 
data various types, sizes 
TR274 Harris & Company 


Gas Scrubbers Venturi gas scrub- 
bers simplicity of design make it 
possible to utilize materials resist- 
ant to corrosion, abrasion or high 

te temp. Brochure 

Each of the Cardox Corporation’s three 6 *Chemical. Construction Corp. 


aes forms 240-Ib. cakes of dry ice | Grinding Mill The Jet-o-mizer 
minutes. : 

grinds to the narrowest classifica- 

eds ™ 3 tion over the broadest range of 

> = particle sizes, New bulletin de- 

plant, Vite verti 241 *Fluid Energy Processing & Equip. 

into liquid. “vilter supplied total of } High-Vacuum Stills offer 

H hour. Specifications & application 
2 data contained in Bul. 3-1 

222 *Consolidated Electrodynamics 


Impact Mill for closely controlled 


particle size reduction with no 
mplete literature on all equip- 
ment available. 
tons of C02 roduced er 2. BL267 *Entoleter Div., Safety Industries 
uy a y Jar Rolling Machine are available 


to handle single or parallel rows 
of jars, & in double or triple tiers 


e 
using 18 Vilter pressure vessels 
Using a new low pressure process, the Cardox Corporation’s Memphis R269 “Abbe ” Engineering Co. 
Laboratory Vacu-Film Processor 


Plant turns out 100 tons of CO, per day. Plant operation is almost team 
entirely automatic. tion of essences & removal of odors 
& solor bodies to purification of 


A large percentage of the major processing equipment is devoted pharmaceuticals, etc. Bulletins. 
to efficient heat transfer. Among these are eighteen custom-made heat 68C_ _*Rodney Hunt Machine Co. 
exchangers and condensers manufactured by Vilter. Typical units Hy-R-Speed Mills for dis- 
include: Shell and Tube type ammonia-cooled condensers, Shell and ee ee aes aoe 
Tube type water-cooled vapor cooler (all aluminum construction), = letin gives complete details for 
liquid receivers, aftercoolers, condensers, oil separator, flash inter- S requirements 


*The J. H. Day Co. 


coolers, and ammonia surge drum among others. The largest Vilter 
unit supplied provides a heat dissipation capacity of 2,242,000 BTU 
per hour. grinding in processes where friable 
Vilter h teat — = comminuted to 
ilter has successfully resolved many problems of cooling under € sizes. Bul. : 
both low and intense pressures; and has designed and produced hun- : ne Bite. Co. 
dred: i i Bul. 192 gives details on 
s of heat exchangers, pressure vessels, and high pressure synthesis 
condensers to exacting specifications for many types of chemical and rated in the vertical mixer design 
troleum applications. Vi i i & makes it possible to secure uni- 
pe pplications ilter heat exchangers are efficient, reliable, 


and thoroughly inspected and tested prior to shipment. 44 *Sprout-Waldron 


Consult with Vilter about your heat exchanger needs. Turbulizer features heavy 
steel shell with machined interior 

& heavy duty outboard bearings. 
Write for these helpful bulletins to Solves many dispersion problems 

The Vilter Manufacturing Company, Dept. K-808, { ry er in chem. & food industries. Facts. 
2217 S. First Street, Milwaukee 7, Wisconsin :; Affe a 101 *The Strong Scott Mfg. Co. 
Condensed Catalog (B-109) 


shows all types of mixers. Other 
bulletins are available for informa- 
tion on particular type mixers for 


Bulletin 817 Bulletin 707 Bulletin 427 ial applications. 

Vilter VMC Condensers vilter “Mixing Equipment Co., Inc. 
Ammonia Brine Coolers Industrial 

Compressor Heat Exchangers Exchangers 


and AIR CONDITIONING 


THE VILTER MANUFACTURING COMPANY, Milwaukee 7, Wisconsin *Eastern Industries, Inc. 


Mr Units © Ammonia & Freon Compressors @ Booster Compressors @ Baudelot Coolers e Water & Brine Coolers © Blast 
Freezers © Evaporative & Shell & Tube Condensers © Pipe Coils © Valves & Fittings e Pakice & Polarflake Ice Machines * From advertisement, this issue 


268 June 15, 1959—Cuemicat ENGINEERING 


: 

Eastern’s i d line is included 

he REFRIGERATION in the revised portable bulletin 

530-B. 


First choice of the rocket 
and missile industry... 


are widely used and app: ved by 


4 Three superlative Marsh products 
the aircraft and missile industry: 


MARSH Pressure Gauges... 
because they combine the most advanced 
features ever found in pressure, vacuum and 
compound gauges. There is a Marsh Gauge 
for every conceivable application. 


JAR ROLLING 
MACHINES 


MARSH Needie Throttting Valves... 
because they are guaranteed to give micro- 
meter regulation at HIGH pressures— 
pressure up to 10,000 psi—and any temper- 
ature up to 500° F. 


MARSH Dial Thermometers... 

because they offer the precision and accu- 
racy a precision industry demands. Most 
complete line; wide temperature ranges, dial 
sizes, patterns, finishes. 


MARSH INSTRUMENT CO, Soles Affiliate of Jas. P. Marsh Corp. Dept. 24, Skokie, Ill. 
Marsh Instrument & Valve Co., (Canada) Ltd., 8407 103rd St., Edmonton, Alberta, Style M, Two-Tier 

Canada. Houston Branch Plant, 1121 Rothwell St., Sect. 15, Houston, Texas machine, with two 
rollers per tier, 
mounted on built- 
in storage cabinet, 


Multiple batches of similar or different 
materials can be economically ground, 
pulverized or mixed simultaneously on 
a versatile Abbé Jar Rolling Machine. 


where there’s a 
drying 
operation 


leading manufacturers* insist 


on DUSTEX 
COLLECTORS 


DUSTEX miniature cyclone tubes, cast of white iron, 
provide an ultra-hard, cling-free, self-cleaning surface to 
assure maximum material recovery at a constant, 
high-speed rate. 

DUSTEX patented design prevents condensation within 
the collector when inlet temperature is above the 

dew point. Handles temperatures up to 800°F. There are 
no filters to clog, no sludge to pump. It’s virtually 
maintenance free! 


LOW INSTALLATION COST and up to 99.8% efficiency 

make DUSTEX the perfect collector for spray 

dryer, rotary dryer or flash dryer processes. 
*Name on request 


Write today for this free bulletin on the 
new D-584 DUST COLLECTOR. 


Jars, bottles or containers of differ- 
ent sizes can be used at one time. Each 
jar can be removed after its full grind- 
ing or mixing cycle has been com- 
pleted—without stopping the machine. 


Modern, rugged Abbé Jar Rolling 
Machines are available to handle sin- 
gle or parallel rows of jars, and in 
double or triple tiers for processing as 
many jars as required. Standard por- 
celain or steel jars range in size from 
1 quart to 6 gallons. Built-in storage 
cabinets on tiered machines are op- 
tional. 


Write for 
bbé Jar Rolling 
log 


ciloloe eNcineeRine co. 


620F GRAYBAR BLDG., NEW YORK 17, N.Y. 
Designers and Manufacturers of 


Boll, Pebble and Jar Mills + Pulverizers 
Sifters Cutters Mixers 


BATCH 
fo 
ITH VERSATILE 

E 

All Marsh products available with AND threads ‘i 

= 

—- — 

ws 
4 

P.O, BOX 2520, BUFFALO 25, N. Y. 
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ED.FILPAPER 


WE'RE HAVING TROUBLE WITH 
FILTER PAPER DELIVERIES 


WELL,DELIVERY IS NO PROBLEM 
IWIN, FOR EATON-DIKEMAN 


— 

BUT YOU SEE, THIS ISA 
HORIZONTAL PLATE FILTER 


STANDARD GRADES AND 
itil SIZES OF CIRCLES ARE 
1 IMMEDIATELY AVAILABLE 
FOR THIS FILTER 


WHAT ABOUT COST 


end fed” OUR PRICES ARE COMPETITIVE 
AND FREQUENTLY, LESS 


- 


BPA, EXPENSIVE PAPERS CAN BE USED 


4 


AFTER ALL, WE'VE 
SPECIALIZED IN FILTER 
PAPERS FOR 70 YEARS 


ond FREE somples of Filter Papers, to 


“First with filter paper exclusively” 


LITERATURE .. . 


Equipment........ Composite 
product bulletin contains descrip- 
tions of air filters, cooling, heating, 
cleaning, moving and humidifying 
equipment for air. 

American Air Filter Co. 


Process Technical in- 
formation on Homogenizers, Sub- 
Micron Disperser, Triplex Pumps, 
etc. is contained in bulletins that 


are available. 
238 *Manton Gaulin 


Pulverizer...... New bulletin on the 
Bantam Mikro-Pulverizer covers 
applications, capacities, material 
specifications for many industries. 
Mesh finenesses are included. 

Pulverizing Machinery 


Rotating Vacuum Dryers...... available 
in six standard sizes with a work- 
capacity ranging from 3 to 150 


cubic feet. Details sent on your 
11 *F. J. Stokes Corp. 


Rotovalves...... suitable to any type of 
operation, with any method of con- 
trol, in any location. Information 
on complete line plus ball, wafer, 


& butterfly valves offered. 
231 *Allis-Chalmers 
Rupture Disk...... Impervite rupture 


disks are available in diameters to 
24” at burst pressures to above 250 
psi, for almost any temperature 
changes. 
207 *Falls Industries, Inc. 


Separator...... Perma-Drums can pro- 
tect costly equipment against tramp 
iron damage . . . prevent iron con- 
tamination of materials & prod- 
ucts, etc. Catalog C-1100-A. 

TL273. *Dings Magnetic Separator Co. 


PUMPING IDEAS 


POSSIBLE ONLY with a N 


SIGMAMOTOR PUM 


MOVE CORROSIVE LIQUIDSE> 
Material being pumped never . 
comes in contact with pump 
mechanism. Wave-like motion 
of steel fingers forces mate- 
rial through Tygon tubing. 
By changing size of tubing, 
capacity can be increased or 
decreased. Pump housing oe 
opens for removal and inser- <Q 
tion of tubing. 


2 OR 3 
DIFFERENT LIQUIDS 
SIMULTANEOUSLY 


me models will accommo- 
date up to four tubes so 
that four different liquids 
can be passed through the 


p pump at one time without 


<S danger of contamination. 


FEED AND MIX => 
One or more tubes can 
be feeding material to 
a mix while a larger 
tube is recirculating 
the liquid to produce 
agitation and thor- 
ough mixing. Viscous 
materials can be 
pumped without dan- 
ger of gumming or 
plugging. Remove tube 
‘and 


pump is clean. 


METER ADDITIVES 
ine or more additives 
can be pumped to a 
solution in the exact 
amount desired by selec- 
ting the correct size of 
tubing and regulating 
pump speed. Various 
controls can be incor- 
porated to close valves 
ahead of pump. 


Capacities from 0.5 cc. per min. to 4.5 G.P.M. 
Write for complete information on sizes, capacities. 
SIGMAMOTOR, INC. 

17 N. Main Street e Middleport, N. Y. 


Spray Nozzles...... A complete range of 
nozzle sizes & capacities available 
& made from bronze, cast iron, 
Stainless steel, & from any — 
machineable materials. Catalog. 
219 *Spray Engineering Co. 


Spray Nozzles...... Complete informa- 
tion on spray nozzle types, capaci- 
ties and performance characteris- 
tics are available in reference 
catalog form. Also Data Sheets. 
230 *Spraying Systems Co. 


Strainers...... for efficient removal & 
disposal of suspended particles 
from raw or process water & other 
liquids. Bul. 500.1c & list of in- 
stallations are available. 

L275 *S. P. Kinney Engineers, Inc. 


Strainers & Reducing Valves...... for 
Cleaner steam systems ... more 
itive regulation. Complete in- 
ormation on these & other steam 
specialties offered. Cat. #69A. 
242 *Strong, Carlisle & Hammond 


Towers...... Technical bulletins: “Test 
Your Tower” and “Analyze Your 
Bids” feature facts of interest on 
industrial towers. Available on re- 


quest. 
77 *The Marley Company 
Turba-Film Processor...... consists of 


a series of rotor blades operating 
within a thermal section & a sepa- 
rating section .. . all fabricated of 
alloy steel. Literature. 

68a *Rodney Hunt Machine Co. 


Vacu-Film Processor...... Designed & 
calculated to meet specific process- 
ing requirements as determined by 
nature of process & physical & 
thermal characteristics of product. 
68b *Rodney Hunt Machine Co. 


* From advertisement, this issue 


This TANK is HEATED 
without PIPE COILS 


It is heated 
entirely 
FROM 

BENEATH 
(See the 

shaded portion?) 
by means of 


BRAN 


THERMO-PANEL 
Con 


Curved Dean 
THERMO- 
PANEL Coil 
for underside of 
horizontal tank, 
as shown above. 


TAKES THE PLACE 


of old-fashioned pipe coils. Does a much 
better—more economical job. 

Ask for Complete facts and prices re 
Dean’s latest models—assuring further IN- 
CREASED CAPACITY. 


Backed by 24 Years of Panel Coil Manufacturing 
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DEAN THERMO-PANEL COIL DIVISION 
DEAN PRODUCTS, INC. 612 Franklin Ave 
BROOKLYN 38, N. Y. Tel. Sterling 9-5400 


, 

| 

= 

a HOW DO YOU 

DO IT 

~ 

For more intor 

E D Mt. Holly Springs, Pa. 

270 


wet 
dust control 


DUCON 
DYNAMIC WASHERS 


RECOVER DIFFICULT DUSTS 
EFFICIENTLY AND ECONOMICALLY 


Ducon UW-4 Dynamic Wet Dust Collec- 
tors have added a new dimension in dust 
recovery. They have replaced, with out- 
standing success, many more costly and 
less effective dust collectors in the recovery 
of “difficult” materials, such as fine and 
abrasive dusts in kilns, rotary driers and 
other applications. 

The UW-4 Washers are also ideal for high 
loading conditions where maximum effi- 
ciency is desired. 
Ducon UW-4 Washers offer other unique 
advantages, including constant air capac- 
ity, low water consumption and rugged 
construction. They are self-cleaning and 
fire and explosion proof. 


Send for Bulletin W-7456. 


the 
name in 
DUst 
CONtrol 


THE 


Ducon COMPANY inc. 


147 EAST SECOND STREET + MINEOLA, L.!., NEW YORK 


Pumps, Blowers, Compressors 


Air Separators...... circulate produc- 
tion loads of up to 800 tph. Nine 
models available with diameters 
from 3 to 18 con- 


tained in Bul. 0 
L274 Mill Co. 


Blower...... New R-C type RAS avail- 
able in 36 sizes. Capacities range 
from 2,000 to 14,000 cfm at pressures 

6 psig & 15,000 to 8,000 cfm 
ressures to 10 psig. Bul. RAS-158. 
Bi *Roots-Connersville Blower 


Compressor...... The WB two-stage 
design saves floor space, pump _ 
culates cooling water around c 
ders & separate valve cham aa 
Bulletin WB-10 gives details. 

234 *Gardner-Denver Co. 


Compressors, Engine Gas engine 
compressors in the 375 to 900 hp. 
range feature self-sustained turbo- 
charging, interchangeable power & 
compressor rods, etc. Details. 
16-17 *Worthington Corporation 


Cyclones...... Complete information on 
Cyclones for the Chemical Process 
Industries is available. Available in 
sizes from 3” to 24”. 

Send for your copy. 
271A Denver Equipment Co. 


Fans & Ventilators Portable ven- 
tilators and man-cooling fans are 
described in detail in a 20 page 
illustrated catalog. Applications are 
included. Cat. No. 180. 
271B Coppus Engineering Corp. 


Pump Class “RR” pump for clear 
water service ... hot or cold... 
against heads as high as 1500 feet 

... at capacities up to 900 gpm. 
Information in Bul. 980-D. 
191 *Buffalo Forge Co. 


ee The new CMR pump is 
available in 1% & 2% inch dis- 
charge sizes & will handle capaci- 
ties up to 400 gpm, pressure to 1500 
ra & temp. to 750 


*Ingersoll-Rand 


Pump Polyethylene aspirator pump 
cannot corrode; operate efficiently 
on all water pressures from 11 


pounds up. 
217-218k *U. S. Industrial 
Chemicals Co. 
Pam... Bulletin 231 covers Type 


4-SOD-12 with ball bearing pedes- 
tal. Included are illustrations and 
complete specifications on _ these 
pumps for Pulp & Paper Mills. 

271C Warren Pump Co. 


Pump, Diaphragm A double-acting 
piston pump without packings... 
no leakage .. . easy to clean. Capa- 
ble of discharge pressures to 100 
psi. Bulletin 137A gives the facts. 
254b *T. Shriver & Co., Inc. 


es The SRL-V vertical sump 
pumps are available in capacity to 
1400 g.p.m. Further details are con- 
tained in Bulletin No. P9V-B1. 
Send for your copy. 

271D Denver Equipment Co. 


Pumps...... Literature is available on 
products for handling corrosive & 
hazardous processing fluids such 
as: All-Chem rotary pumps, Gear- 
chem gear pumps, etc. 

125 *ECO Engineering Co. 


* From advertisement, this issue 


STEEL PLATE 
STAINLESS STEEL 
"STAINLESS CLAD 
PLATES 
T-1 STEEL AND 
| OTHER STEEL 
ALLOYS 
NICKEL-CLAD 
ALUMINUM 
ETC. 
| 


FIELD ERECTED 
TANKS 
| AND VESSELS 
FOR 
| LIQUIDS, GASSES 
| VAPORS 
AND 
STORAGE OF 
DRY MATERIALS 


PLATE FABRICATION 


| 


FIRE PROTECTION 


AND WATER SUPPLY 


4 


ELEVATED TANKS 


HAMMOND 
IRON WORKS | Sales 


WARREN, BRISTOL 

and PITTSBURGH, PA. 
PROVO, UTAH + CASPER. WYO.) 
BIRMINGHAM, ALA. 


| j HA M M 0 N D 
pi 
P 
4 
: 
4 | 
| 
! 
< 
{DUCON): 
| TINE 
throughout 
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FPT FILTERS 


@ Constructed of PYREX* 
Brand tubing and Teflon 


@ Transparent body 

@ Permanent filter element 
@ Compact design 

@ High heat resistance 


@ Uniform structure, voids 
and particle retention 


@ Complete micron porosity 
range 


FPT Filters are a new type of filter assembly . . . completely 


resistant to chemical attack and ideally suited for filtration of 
liquids, gas diffusion and purification. The extremely hard and 
permanent filter element offers maximum particle retention 
with very high flow rate. The porosity range covers one to 100 
microns. Use Chem Flow FPT Filters for sterilization, clari- 
firing, polishing applications at pressures up to 50 psi, tem- 
peratures as high as 450°F. Available in angle and “Y” types. 


For specifications and performance data, write for Bulletin FPT-2. 


*Trade Mark, Corning Glass Works 


CHEM FLOW CORP. 


119 Dell Glen Avenue * Lodi, New Jersey 


272 


LITERATURE .. . 


nays... -move corrosive liquids, pump 
or 3 different liquids simultane- 
ously, feed & mix and meter addi- 
= Capacities from 0.5 cc. per 
Ry 45 GPM; Information. 
*Sigmamotor, Inc. 


ee for all corrosive applica- 


tions. Pumping parts are available 
in a variety of metal alloys, as well 
as plastics. Complete information 


offered. 
289 *A. R. Wilfley & Sons, Inc. 


Pumps...... Design, manufacture & in- 


Stallation of pumps is only part of 
the complete water service offered. 
Other services include; surveys, 
well drilling, etc. Bul. 100. 

37 *Layne & Bowler, Inc. 


H Durcopumps are 
Built diate capacities from % to 3500 
m, & with heads to 345’. Avail- 
able in 12 standard corrosion resist- 


ing alloys. 
209 *The Duriron Co. 


ro Diaphragms...... Bulletin No. 
Bll covers 


adjustable stroke 
diaphragm pumps. Capacity to 
1000 — with 1” to 10” Simplex 


Denver Equipment Co. 


Process....... The complete 
range types of chemical 
process Bul. EM-79, “Me- 
in Pump 
Design” is offered. 


752 *Food Machinery & Chemical Corp. 
Pumps, Sump...... Available in auto- 


electric, explosion-proof, 
submersible & standard types in 8 
models, & 20 sizes. Literature & 
specific engineering data offered. 

256d *Penberthy Mfg. Co. 


Services, Processes, Misc. 


Acetylene Manufacture...... “Acetylene 


Engin 


technia 
217-218c ‘Industrial Chemicals Co. 


& Ethylene from Hydrocarbons by 
the Hoechst High Temperature 
Pyrolysis Process,” 14 p., includes 
= data, flow diagrams. 
Hoechst-Uhde Corp. 


cheaper than previous 


helps solve 
drying problems in connection with 


Sensitive, oxidizable, toxic, e 
ll information. 
*Wyssmont Co., Inc. 


System....... for processing 
chemicals, foods, pharmaceuticals, 
tobacco, synthetic rubber, textile 
fibers, veneers, leather, ceramics, 
etc. Bul. 443. 

103 *Proctor & Schwartz, Inc. 


eering...... Detailed engineering 
data covers prelimi surveys & 
studies . . . research pro- 


grams. . process design .. . equip- 
ment layout, e etc. 
28-29 *Kennedy Van Saun 


eering Survey Service...... for a 
thorough appraisal of your future 
and a needs by qualified 
chemists & — Details 
available on request. 

285 *Industrial Filter & Pump Mfg. 


* From advertisement, this issue 
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HIGHEST FLOW RATES. 
RE DROF 

| VIPLE. LAN 

| 

> 

ay Analysis for Halogens__m_A faster 
analysis has been developed for 


Where no other type of 


@ in machines 

@ under chutes or 
spouts 

@ below apron con- 
veyors 

@ in any confined 
space 


Every feature is fully 
explained in Catalog 
C-1100-A. Write for 
your copy today. 


DINGS MAG 


Magnetic Separator is practical... 


CRUSHPROOF 


«LEAKPROOF 


FLEXIBLE 


Now you can protect costly equipment against 
tramp iron damage. . . prevent iron contamina- 
tion of materials and products . . . in spots 
where no other type of magnetic separator can 
operate efficiently. 

Why take a chance on tramp iron damage? 
Investigate the money-saving potential of Dings 
— automatic, life-time guaranteed Perma- 

rums. 


NETIC SEPARATOR COMPANY 


4730 W. Electric Ave. e Milwaukee 46, Wis. 


Magnetic Pulleys Plate Magnets Grate Magnets 


Stands pressures up to 200 psi... 


2000 PROCESSING PROBLEMS 


A 
ff 
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PRATER PULVERIZER COMPANY 
1517 SOUTH 55TH COURT + CHICAGO 50, ILLINOIS 


SOLVED BY 
PRATER 
AIRLOCKS 


/ 


Write for Your Copy / 

“How to Selecta / 

Rotary Airlock Feeder” 
Bulletin P58 7 


rubber covered and leakproofed 
with special packing. Safe, sure 
protection for conveying the most 
volatile of chemicals and liquids 
without discoloration, contamina- 
tion or corrosion. Ideal for handling 
solvents, special chemicals, high 
octane gasolines and jet fuels. 


It is lighter in weight than any 
comparable competitive hose . . . 
easy to handle with swivel flange 
that allows installation in any posi- 
tion without turning entire hose to ‘* 
meet bolt holes. Available in sizes 


2” to 12” 1.D. Write for full details 
to Pennsylvania Flexible Metallic 
Tubing Co., Inc., 7234 Powers Lane, 
Philadelphia 42, Pa. 


Gives complete 
technical details 

on flexible tub- 
ing. Free copy 
for you, 


use mA- DRUMs 
DINGS | 
3 
£ 
| TAINLESS STEEL LINED: 
cll FOR VOLATILES. CHEMICALS 
a | 
| | | \ 
_ SEND YOUR AIRLOCK FEEDER PROBLEM TO PRATER | 
| AS A PIPE BUT. 
f 


Size Requirements 
Getting Tougher? 


Sturtevant Air Separators 
Increase 40 to 400 Mesh 
Output as Much as 300% 


Closed-circuit air separation is of 
proved advantage in reduction processes. 
Result is a better, more uniform product. 
Grinding mills perform at top efficiency, 
output frequently increases as much as 
300%, power costs drop as much as 50%. 
Precise separation of all dry 
powdered materials. Sturtevants cur- 
rently classify sulfur, soybeans, phos- 
phate, chocolate, feldspar, sand and ag- 
gregates, pigments, limestone fillers, 
flour, abrasives, plastics, gypsum, ceram- 
ics, cement and other products. 
Improve screening — Sturte- 
vant Air Separators prevent blinding by 
removing undesirable tailings or fines 
from screen feed loads. 


Works Like Winnowing 
Done in a Whirlwind 


Sturtevant Air Separators do a mechan- 
ical job of winnowing. Precise control of 
whirlwind air currents and centrifugal 
force results in the desired size being 
lifted into fines cone, oversize falling into 
tailings cone. 

A 16 ft. Sturtevant, for example, has 
taken a feed rate of 800 tph, containing 
only a small percentage of desired finés, 
and delivered 30 tph 90% 200 mesh, re- 
circulating the oversize through the 
grinding circuit. 

Send for Bulk | No. 087. 


STURTEVANT 


MILL COMPANY 
100 Clayton St., Boston, Mass. 


Crushers Grinders Micron-Grinders Separators 
Blenders Granulators Conveyors Elevators 
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LITERATURE .. . 


*The Fyr--Fyter Company 


Floor Cleaning “Industrial Floors: 
How to Clean & Care for Them,” 
10 p., lists appropriate cleaning 
compounds and methods such as 
sanitizing, stripping wax & p: int. 
274A Oakite Products, Inc. 


ines the kit & replacement ma- 
terials. 
BL259 *Magnaflux Corporation 


Iron Equipment Catalog A-9 gives 
complete information on _ blinds, 
spacer rings, temporary & line 
strainers and pivot flanges. Avail- 
able on request. 

BR274 *The Mack Iron Works 

Lubrication Equipment Model 
711-A portable lubricator can bring 
clean, waste-free lubrication to any 
machine. Catalog of lubrication 
equipment offered. 
274B *Stewart-Warner Corp. 


Photochemical Equipment 
able & informative brochure 
“Photo-Sensitization” contains 
complete information on process & 
applications. 
24-25c *Englehard Industries, Inc. 


Printed Weight Records 
Printweigh “400” provides com- 
plete printed weight records auto- 
matically. Full details contained in 


Bulletin 1157. 
220 *Toledo Scale Corp. 


Storage & Shipment “Storage & 
Shipment of Chemicals Affected by 
Summer Temperatures,” 8 p., list 
chemicals in this category beside 
recommended temperatures. 
274C Mallinckrodt Chemical Works 


The Liqua-Guard System 
for storage of liquefied atmospheric 
gases and its advantages are de- 
scribed in detail in Bulletin CS 19. 
Send for your copy. 
274D Cambridge Corporation 


Complete details on Bal- 
anced Pressure Proportioning Sys- 
tem & double strength Foam liquid 
now available. Foam liquid protects 
in all weather. 

65 *Rockwood Sprinkler Co. 


for any liquid 
for high pressures 
for high temperatures 


If you have a liquid level on 
problem that involves a float, sen 
for Harris Float Catalog with its com- 
plete technical data on the vee 
types, sizes of floats, and the “_ s 
suitable for different corrosive 
vids, temperatures, and pressures. 
Harris Floats are made in sizes ar 
2/2" to 14” diameter in ball, 4 
drical, conical, rectangular or ~ 
shapes of Copper, Stainless Steel, 
Aluminum, Nickel, Monel, or Steel or 
other suitable, workable metals. , 
Harris engineers, with a 
of 72 years experience, will be 9 = 
to help you select or design the rig 
float for your installation. 


ARTHUR HARRIS & co. 
210 North Aberdeen Street 
Chicago 7, Illinois 
Write today for 
Harris Float Catalog 
with complete 
technical date. 


PHONE MAIn 6-3712 


BLINDS SPACER 
RINGS -TEMPORARY 
and LINE STRAINERS 

*PIVOT FLANGES 


The Gravitrol System 
eliminates “Hard-to-dispose-of” 
oily sludges and oil losses to solids, 
as well. All the facts on this system 
are available. 
32 *The Sharples Corp. 


Technical Service Laboratory...... An 
active program of practical & theo- 
retical research in oxygenated sol- 
vents & Epon resins for surface 


coatings. 
*Shell Chemical Corp. 


Cover 
Thorium Technology is discussed 
in series of papers now bound in 
397 page volume. Topics include 
melting, refining, structure, etc. 
217-218m *U. S. Industrial 
Chemicals Co. 


Titanium Anode Hooks 
cially pure and designed to meet 
ne for high corrosion resistance 
in nickel & chrome eg 
217-2181 *U. S. Industrial 
Chemicais Co. 


* From advertisement, this issue 


OHIO 


The MACK IRON WORKS COMPANY 


132 WARREN STREET 
WRITE TODAY FOR CATALOG A-9 
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Two Systems specially designed for | 
closed or partially closed spaces in 
which flammable liquids or solids 
are mfg. handled or stored. 3 AL \ 
| 
» The new Zyglo test kit finds cracks, | #3 
= a ores, leaks quickly. Bulletin out- 
from 3’ to 18’ 3 
Smmediate Sowive 
Sys 
ae EST. 1901 
SANDUSKY 
4 


More clean water at a lower cost with 
AUTOMATIC 


SELF-CLEANING 


STRAINERS 


... for efficient removal and dis- 
posal of suspended particles from 
raw or process water and other 
liquids 2 


¥ Over 1000 installations 
v¥ 2” to 48” pipeline sizes 
@ Installation on pressure or 
suction side of pump 
Write today for Bulletin 500.1C 
S.P. KINNEY ENGINEERS, Inc. 


CARNEGIE, PENNSYLVANIA 


PROFESSIONAL 
SERVICES 


ARIES ASSOCIATES, INC. 
Consultants to the Chemical Industries 


New Products and Processes 
New Product Development 
Design & Initial Operation of Complete Plants 
Process Analysis—Market Research 
COMPLETE TECHNICAL & ECONOMIC SERVICES 


77 South St. DA. 5-2236 Stamford, Conn. 


W. L. BADGER and Associates, Inc. 
CHEMICAL ENGINEERS 


Evaporation, Crystallization and Heat Transfer; 
Complete plants for salt and caustic soda; Complete 
Dowtherm installations 


309 South State Street Ann Arbor, Mich. 


CHAS. T. MAIN, INC. 
Engineers 


Industrial plants 
Reports Design Construction Supervision 


Boston, Massachusetts Charlotte, North Carolina 


THE J. G. WHITE 
ENGINEERING CORPORATION 
Design - Construction - Reports - Appraisals 
80 Broad Street, New York 4 


| 


...f0r safe d-c metering 


Specify Westinghouse current and 
potential transductors for accurate 
instrumentation, metering and con- 
trol of high-voltage direct-current 
systems. Providing isolation from 
high-voltage d-c power, these indus- 


size and weight . . . 
weight—19 Ib 


test voltage . . 


maximum error. . 


try-proved transductors have been 
used in safe metering of d-c buses 
at voltages up to 3300 volts . . . have 
already proved their reliability in 
electrochemical systems, control sys- 
tems and d-c power systems. J-01014 


CHECK THESE CHARACTERISTICS 
approximately 6 1/16” x 5 5/16” x 7” high... 


rated supply voltage and frequency .. . 115 volts, 60 cps 

working voltage . . . control winding to case—3300 v d-c; control wind- 
ing to output winding—3300 v d-c 

. control winding to case and load circuit—9.6 kv rms 
60 cps | minute .. . load winding to case—1500 v rms | minute 

. plus or minus | percent, zero to half input. . . 
plus or minus 1/2 percent, half to full input 


For complete information, contact your nearby West- 
inghouse sales office, or write Westinghouse Electric 
Corporation, Director Systems Department, 356 Collins 
Avenue, Pittsburgh 6, Pa. 


vou can oe sure..irn's Westinghouse 


COS Tv MONDAYS 


WATCH “WESTINGHOUSE LUCILLE BALL: OES! ARNAZ SHOWS 


CuemicaL Encineertnc—June 15, 1959 


275 


4 
| 
| 
4 
| 
: 
| 
] 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| | 
| 
| 
| 
Pee 


EQUIPMENT SEARCHLIGHT . . . 


LIQUIDATION 


MAGNESIUM PLANT AT WINGDALE, N.Y. 


EMPLOYMENT 
OPPORTUNITIES 


2—KILNS 8’ x 125’ COMPLETE WITH © 1—KILN 5’ x 35’ COMPLETE WITH 
DRIVES DRIVES 

2—COOLERS 5’ x 50’ COMPLETE 3—BALL & ROD MILLS COMPLETE EATIVE 
WITH DRIVES WITH DRIVES eee 4 

2—RAYMOND 5057 HIGH SIDE MILLS © 5—LANCASTER EAG3 & EMG4 MIX- “ee 
PIPING, CYCLONES & MOTORS ERS, V-BELT DRIVEN ia 


the design and development of a 
high temperature, gas cycle Peb- 
ble Bed Reactor for the Atomic 
Energy Commission. Our New 
York office has superior positions 
open for engineers experienced in 
the following areas: 

* Reactor Engineers—core and sys- 
tem nuclear analysis; shielding 
and hazards; design; test and op- 
eration of nuclear reactors. 


45—BEACH-RUSS ROTARY PISTON 


8—SELAS & WELLMAN GAS FUR- 
VAC. PUMPS, V-BELT, MOTORS 


NACES, NEW FIRE BRICK 


MISCELLANEOUS TRANSFORMERS, RECORDING INSTRUMENTS, MICROMAX, 
BRIQUETTING, SCREW CONVEYOR AND ALLIED EQUIPMENT. 


CONTACT * Ceramist—research and devel- 
opment of ceramic fuel elements. 
SAMUELS SONS IRON & STEEL CO * Instrument and Control Engi- 
° neers—test and power reactor sys- 
214 Kent Ave. Evergreen-8-4880 Brooklyn, N. Y. sai : 

9 yn If you are interested and quali- 
fied, please write, sending com- 
plete resume, to Personnel Manager. 

COMPRESSORS JUNE SPECIALS SANDERSON & PorTER 
petngaiy pn Pana BP 100 gal. 4 side Jktd. Mixer Cored Sigma arms 72 Wall Street, New York 5, N. Y. 
GEM—is00 PS Norwalk Patterson-Kelley 40 cu. ft. Blender with Motor 
110. CEM 3000 PSI Ing. G w Patterson 3% gal. SS Jktd. Lab Mixer, 2 H.P. 
191 CFM 300 PSI 9- 4-4 Gruendier Hammermill, Whiribeater 
von Day 40 gallon Pony Mixer with AC motor 
Patterson 6’x5’ Jktd. Ball Mill, exp. pf. mtr. 
455 CFM 35 BSI Allis Chalmers Rotary 
465CFM 100 PS! iR-ES.1-Wort HB Devine Vac Shelf Dryer, 59x78, double door SALES ENGINEERS WANTED 
496CFM Vac. 14x -T (3) Gen. American 42”x120” Twin Drum Dryer 
502 CFM 125 PSI 12x13 Worth HB, IR-ES Nash Hytor Vac. Pump #6, with 40 H.P. motor 
CEM 125 BS Chie YE wnat TRADE? Francisco, St. Louis and El Paso, Texas. 
ie ng. rs or 
EQUIPMENT CLEARING HOUSE, Inc. ||| Easincers 
AMERICAN AIR COMPRESSOR CORP. 111 33rd Street Brooklyn 32, N. Y. Trainees will receive intensive training 
North Bergen, N. J. UNion 5-4848 SOuth 8-4451—4452—8782 course with daily classroom instruction 
at Waterbury factory before assignment 


to district office. Mail reply to: 
H. E. Beane, Vice President 


THE BRISTOL COMPANY 
Waterbury 20, Connecticut 


WIRE US COLLECT! 


PACKAGING ENGINEER 
$12,000 - $15,000 per year. 


New function, report to manager of research 
development. Experience in containers, 
boxes of food boards. Our client assumes agency fee 
and relocation respected. 

MONARCH PERSONNEL 
Chicago 4, IIlinois 


SPECIAL SALE 
2-RAYMOND 4 ROLL MILLS 


28 East Jackson Blvd. 


High side with double cone Separators. Including Cyclones and Fans. Oil Journals 
PRICED TO SELL ADDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv. Div. of this 
Send to office nearest you 


For immediate wire or collect—GA 1-1380 OX 1 
Michigan Ave. 


68 Post St. 


SAN YRANCISCO. 


POSITION WANTED 


Mech. Eng. R&D equipment and processing 
in separation and classification, liquid-solid. 
Dust collection, filters, cyclones. PW-1712, 
Chemical Engineering. 
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EQUIPMENT SEARCHLIGHT 


LIQUIDATION 


CENTRIFUGES—FILTERS 
EVAPORATORS—CRYSTALLIZERS 


1—Bird 32” x 50” solid bow! continuous Centrifuge, 316 S.S. 
4—Sharples C20 Super-D-Hydrators, 316 S.S. 

2—Sharples PN14 Super-D-Canters, 316 S.S. 

1—AT&M 26” susp Centrifuge, performated basket, 316 S.S. 
2—Oliver 8’ x 8’ Precoat rubber covered Rotary Vac. Filters 
4—Sperry 36” rubber covered P & F Filters, 30 chambers 
2—Sperry 42” Aluminum Recessed Filters, 30 chambers. 
4—Shriver 36” wood Plate &Frame Filters, 44 chambers. 


5—Struthers-Wells 8’ dia. x 24’ high rubber lined Vacuum 
Crystallizers. 


PULVERIZERS AND MILLS 


2—Abbe 5‘ x 16’ brick lined Mills. 


3—30” dia. Stainless Steel Micronizers complete with Hoppers, 
Conveyors, etc. 


KILNS AND DRYERS 


1—Traylor 11’ x 155‘ Rotary Kiln, 7s” shell welded, 2 tires. 
1—Vulcan 8’ x 50’ Rotary Kiln, 5” shell welded, 2 tires. 
2—Rennenberg 6’ x 60” Rotary Kilns, 4” shell riveted. 


1—Proctor & Schwartz 8’ wide x 60’ long Conveyor Dryer, 
Stainless Steel Belt. 


RUBBER LINED TANKS 


4—3400 gal. 8’ x 8’ with Nettco Turbo Agitators, 15 HP. 
1—4000 gal. 10’ x 7’6” with Nettco Turbo Agitator, 10 HP. 
1—4500 gal. 9 x 9 with Nettco Turbo Agitator, 3 HP. 
1—5000 gal. 9’ x 10’ with Nettco Turbo Agitator, 15 HP. 
5—8500 gal. Vertical Storage, 8’6” x 16’ x 8’ cone. 
1—13,000 gal. Horizontal Storage 8’ x 35’. 


STEEL TANKS 


4—2000 gal. 7’ x 7’ with Nettco Turbo Agitators, 10 HP. 
1—3000 gal. 8’ x 8’ with Patterson Turbe Agitator, 10 HP. 
1—5200 gal. 10’ x 9’ with Patterson Turbo Agitator, 10 HP. 
15—Sterage Tanks: 3800; 6000; 9000; 10,000; 15,000; 47,- 
000 gal. 


OTHER ITEMS 


11—Steel Buildings 20’ to 80’ trusses. 
2—Shepard Niles 20 ton Overhead Cranes. 
7—Dorr Thickeners; 16’ dia. with Tanks. 


1—Bemis 50# Bag Packer with Sewing Machine, Conveyor 
and ner. 


125—LaBour, Durco, Worthite, Duiron and Stainless Steel 
Centrifugal Pumps 2” to 6” with motors. 


PARTIAL LIST OF VALUES @ @ @ SEND FOR CIRCULAR 
REPRESENTATIVE ON PREMISES FOR INSPECTION 


BRIL EQUIPMENT COMPANY 


Baltimore, Md. Tel: MEdford 3-2911 


| 
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JUST PURCHASED 


37,400 BBL. OIL REFINERY 
DESTREHAN — LOUISIANA 


Boiler Plant—6-70,000 # /hr & W Boilers 600 psi. 
40—50,000 and 80,000 bbl. Tanks. 
4—5000 bbl. Hortonspheres. 
3—10,000 bbl. Hortonspheroids. 
100—Pressure Vessels. 
100—Heat Exchangers; Steel, Brass, Chrome. 
30—Towers up to 16’ dia. x 100’ high. 
200—Centrifugal Pumps, XP motors. 
1—IR Air Compressor 3170 cfm, 125 psi, 600 HP. 


REACTORS—EVAPS—CONDS—TANKS 


6—Struthers Wells 2000 gal. 316 S.S. jktd. agtd. Reactors. 

2—Struthers Wells 1000 gal. 316 S.S. jktd agtd. Reactors. 

1—1500 gal. Pfaudler, glass lined, jktd. agtd. Reactor. 

1—500 gal. Walters, 304 S.S. © agtd. Reactor. 

1—550 sq. ft. Buflovak, monel, single effect Evaporator. 

1—250 sq. ft. Buflovak, 304 S.S. forced circulation Evaporator. 

1—3500 gal. 304 S.S. jktd. agtd Tank, 9 x 7’. 

1—7500 gal. 316 S.S. Vert. Storage Tank, 7’ x 25’ 50 PSI. 

1—20,000 gal. 374 S.S. Vert. Storage Tank 12’ x 23’. 

1—750 nickel clad Mixing Tank, coils. 

1—3000 gal. Aluminum Vert. Tank, 6 

1—4000 gal. Haveg Vert. Tank, 8’ x 12 

1—12,000 gal. horiz. steel Pressure Tank, 7'6” x 36’, 200 PSI. 

8—Stainless Heat ixchangers; 1220, 942, 786, 536, 396, 315, 
250, 157 sq. ft. 


CENTRIFUGES 


1—Bird 18” x 28”, 316 S.S. Solid Bowl, Continuous. 
1—Bird 18” x 28”, steel, Solid Bowl, NEW, Continuous. 
2—Sharples PY14, PN14, Super-S-Canters, 316 S.S. 
1—Sharples H2 Nozzlejector, 15 HP, 304 S.S. 

1—Bird 40” suspended, 347 S.S. perforated basket. 
2—Sharples #16, 304 S.S., 3 HP motor. 


FILTERS 


1—Oliver 5'3” x 8’ Steel Rotary Vacuum, vaporite housing. 
1—Sparkler 33S28 Filter, 150 sq. ft. 304 S.S. 

1—Niagara 36H110 horizontal Filter, 110 sq. i 304 S.S. 
1—Sparkler 33-S-17 Steel Filter, 92 sq. ft. 

1—#12 Sweetiand Filter, 48 leaves, 3” centers, 640 sq. ft. 
2—#10 Sweetland Filters, 27 leaves, 4” centers, 250 sq. ft. 


DRYERS 


1—Devine Vacuum Shelf with 19—59” x 78” shelves. 
1—Devine Vacuum Shelf with 10—40” x 43” shelves. 
2—Overton 42” x 120’ Atmospheric Double Drum. 
2—Devine 5’ x 12’, 4’ x 9, Atmospheric, Single Drum. 
1—Baker Perkins 56” x 6’ Rotary Vacuum Dryer. 
1—Buflovak 3’ x 20’ Rotary Vacuum Dryer, 316 S.S. Unused. 
2—Lovisville Rotary Steam Tube, 6’ x 25’, 6’ x 50’. 
4—Rotary Dryers, 4’ x 40’, 6’ x 50’, 56” x 50’, 5” x 30”. 
3—tLovisville 8’ x 50’ Stainless Steel lined Rotary Dryers. 
1—Traylor 30” x 18’ Stainless Steel Rotary Dryer. 

2—Link Belt; 7’5” x 25” Monel 6'4” x 24’ S.S. Louvre Dryers. 


MIXERS 


1—Baker Perkins #16TRM, 150 gal. jktd., Vac. 50 HP. 
5—Baker Perkins #15 JIM2 100 gol. 20 HP. 
5—Day “Cincinnatus” double arm, 250 and 100 gal. 
3—1500# Powder Mixers, 7/2 HP XP motor. 
21—Steel, jktd. Powder Mixers: 225 and 350 cu. ft. 


BRIL EQUIPMENT COMPANY 


2401 THIRD AVE., NEW YORK 51, N. Y. 
Tel. CYpress 2-5703 © Cable: Bristen, N. Y. 
TEXAS OFFICE—4101 San Jacinto St., Houston 4, Texas—Tel.: Jackson 6-1351 
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EQUIPMENT SEARCHLIGHT .. . 


1—tLouisville 54” x 30’ Rotary Steam 
Tube Dryer. 15 HP TEFC motor 


3—Rietz RD-18 Disintegrators, 40 HP 
1800 RPM motor 


4—Toledo Automatic Drum Scales. 
Photo-Electric operated. 


2—Pangborn size 215 Dust Collectors 
1000 CFM. 3 HP vertical motor. 


1—Western Precipitation Multiclone 
Dust Collector. 75,000 CFM @ 700°. 
New 

1—8000 gallon Vertical Steel Pressure 
Tank. 125# W.P. at 210°. 

2—Sperry 36” x 36” C.I. Filter Presses, 
hydr. clos. 40 pits 40 frms 


2—Cleaver-Brooks Package Boilers, 350 
HP and 450 HP, 125# pressure 


For a oe item you need, wire or rene collect GA 1-1380 


Hirst CLAss 


EQUIPMENT 
from Your FIRST Source / 


Baker Perkins & Cavagnaro Stain- 
less Jacketed MIXERS 300 Gal. 150 
Gal. Other sizes down to Lab. %4 
gal. Stainless Conical Blender; 22 
cu. ft.; 42x16"; 16’ cones NEW 
Falcon Dbl. Ribbon Blenders; S/S 
or Mild Steel Stainless Heat Ex- 
changers; all sizes up to 1000 sq. ft. 
Stainless A. T. & M. 60” Centrifu- 
gals; Susp.; Vapor (Tite) Pfaudler 
Stainless or Glass Lined Evapora- 
tors; 6° Diameter Stainless Vac. Re- 
actor 950 Gal.; 60x76"; manhole 
in head Mojonnier S/S Vacuum 
Pans; 3’x10’ and 6x12‘; accessories 
Blaw Knox S/S Autoclave; 5‘x10’; 
Jacketed, Coil Heated Stainless 
Steei Columns; 15” x 15’ and 8” x 
10° Hersey S/S Rotary Gas Fired 
Dryer; 5‘'x26’; Counter Current Lou- 
isville S/S Rotary Dryer: 30” x 
28’; indirect fired Proctor & 
Schwartz S/S Apron Dryers; 5 Sec- 
tion; 34’ long Buflovak Lab. Dbl. 
Drum Dryer 6x8" in Vacuum 
Housing Stainless Filters by Spark- 
ler, Alsop, Enzinger, others; Stain- 
less Filter Presses by Shriver & 
Sperry; 12” x 30’ A. O. Smith S/S 
Lined Pressure Tanks; 11,000 gal.; 
10’x18°7" Abbe, Patterson, Interno- 
tional Pebble Mills up to 8’x8’ 
Mikro Pulverizers all sizes; some in 
Stainless; Fitzpatrick Comminuta- 
tors in S/S; Models D, K7 and C 
Stainless Colloid Mills and Homoge- 
nizers; standard makes Stainless 
Steel Closed Vertical Kettles; 850 & 
1300 Gal. DeLaval Industrial Cen- 
trifuges and Hermetic Separators 
Sharples C27 D-Hydrator in Type 
316 Stainless; 40 HP Heavy Gauge 
Stainless Hor. Tanks; 6'x34‘; 7000 


Gal. 
SEND FOR FIRST FACTS 


FIRST MACHINERY CORP. 


209-289 TENTH STREET, BROOKLYN 15, N. Y. 
PARKING ON THE PREMISES 
PHONE: Sterling 8-4672 


LOEB OFFERINGS 


Autoclave: al. Struthers- Wells, St. st. 
17", 20” and 26”. 
Clarifiers DeLaval and Sharples, st. steel. 
Crystallizers: 500 gal. stain. steel, jacketed. 
‘Ss: Davengert 3A, bronze hd. 3 hp. 

Devine 2 x 4’ vac. drum, st. steel. 
Link-Belt Monotube of monel. 
Oliver, Sweetland, Alsop. 

: Tri-Homo #10. 

St. peek with and without ag. 
Dopp 150 gai. dbl. act. agitator. 

Mills Mikro Bantam, 2th and 24”. 

Fitz Comminuting model D, st. st. 
Day 14 x 30” type B hi-speed. 
Colloid, 3, 5, 20, 25 hp. 

Cog stain. steel, 10 hp. 

Mixers: Dbl. and Sgl. arm sigma blade. 
Dry Powder, various 
Baker-Perkins size 17, 

Mix- Muller Simpson Lab., Porto o, +00. 

54 x 42” st. st. jack. 

Rotary, gear, conti. vacuum. 

Reactor: Pfaudler 30 gal. J lined agit. 

Screens: Selectro 4 x 10’, 

Tablet Presses: Colton #2, ~ 300 RP. 

Vacuum Pan: 42” Harris st. steel. 


Filters: 
Hi 


Kettles: 


Pumps: 


* TELEPHONE SEsiey 


CHICAGO 22 


EQUIPMENT SUPPLY CO. 


O WEST SUPERIOR ST 


DP PPP 


8-143 


iILLINOTS 


Sturtevant 10 HP, 
25 HP, Mikro 30 HP, #2 Gru 

Supermaster 40 HP, 50 Raymond s/s 

imp, AKBX Wms. 50 HP, 30 NF Wms. 100 

HP, 36 x 52 Jeffrey 125 HP, SXT 14 Penna. 


350 HP 
MILLS—Colloid—-11/2" US 7/2 HP, 2” B&S 20 
HP, PA Robinson 5 HP, Sprout Waldron 
2—40 HP motors 
MILLS" Hardinge- Con! x 16 (10 HP) 
25 3 4 25 HP) ball, 6’ x 


ball, 10’ x 48” (350 HP) ba 

a cu. yd. capacity ae w/7 x 12 

Bucket eelvator, weigh hoppe 

CONVEYORS—18” x 16’ troughing, 
18” «x 34’ apron, 18” x 37’ trough, Bucket 
elevators to our specs. 

PACKERS—St. Regis Hoots 105FV 
w/scales, Pneumatic Scale Cappe 

Goal. | jacketed/agitated 

DRYERS—12' x 24’ x 90” /tray, Stea 
24” x 22’, 33” x 18’, x 24’, 44" x 25, 
4 x 40’, 5’ x 40’, 9 x ’ Rotary 


YOUR BEST REBUILT MACHINERY SOURCE 


LAWLER COMPANY 
Durham Ave. Liberty 9-0245 Metuchen, N. J. 


ALAA 


MACHINEC 


Autoctave, nd pressure 


Stainless steel Ball Mint 

Aluminum Condenser « fee 

Aluminum Evaporator Geltntehe type, never used, 
sq. ft. tube area 

chwartz finned drum driers 

Continuous Stripping as 2 X 13 Stee 

Centrifugals 40” bott 

Calenders 3 Roll 45” X 18”! 6 Roll 12” X 5” 
Hydraulic Pumps. Motors. 


LOUIS SUSSMAN, INC. 


800 Wilson Ave. (East of ah 
S, 4. Mi 2-7634 


TANK TRAILERS 


FOR CHEMICALS 
Stainless Steel—new and used. 
HACKETT TANK COMPANY, Inc. 


P.O. Box 803, Packers Sta., Kansas City, Kans. 
MAyfair 1-2363 


Expanding? 
Relocating? 


FOR SALE 


READY TO 
OcCcUPY 


Prime 


INDUSTRIAL PLANT 
CAMDEN, @ __ 28 ACRES 
N. J. 350,000 SQ. FT. 


MAIN 1-STORY BUILDINGS 

Steel & Brick © Unrestricted 
plus add’l auxiliary ¢ Steam & Elec- 
property, wey | tric Power 


overhead cranes Plentiful 
to 120 tons. Water and 


880'Lx133’Wx46'H Sewage 

800’Lx108’Wx40'H 
475'Lx 90’Wx33'H 
370'Lx 45°Wx50'H "WILL CONSIDER 
120’Lx 60’Wx83'H PARTICIPATION 


CAMDEN FORGE CO. 


P.O. Box 269, Hoboken, N. J. 


Insurance 


2—6’ x 36” Hardinge Ball Mills 
x Chalmers Ball Mills 
Nos. 56, 7 96 Marcy Mills 

7x ae <Chalmers Tube Mill 


an Road Mach. Jaw Crusher 


6’ x 125’ Vulea 
42” x 18” Traylor Toe ry Crushing Rolls 
2—10 HP Stephen Adamson 3/60 /220/440 Car 


Pullers 
6—25, 45, 80 & 100 ton GE Diesel Elec. Loco- 
motives 


Want to Buy Kilns & Dryers 


C. STANHOPE, INC. 


R. 
60 E. 42nd St. N. Y. 
Tel. MU 2-3075 


17, N. Y. 


New York Phone: BA 7-0600 


FOR SALE 
Porter Ball Mill Blenders 


Loaders & Unloaders 
Stainless Steel—250 Kilo Capacity 


GLOBE TRADING COMPANY 
1815 Franklin St.—Detroit 7, Mich. 
Woodward 1-8277 


WANTED 
SURPLUS EQUIPMENT 
SINGLE ITEMS OR ENTIRE PLANTS 
FOR SALE 
1—Eimco 8’x10’ Drum Filter 
i—Eimco 4” dia. x 8” Ig Roll, 
Vacuum Rotary Filter 
Press 
i—Stokes Model R_ Tablet 
Tess 
Colton Model 5! T Tablet 
Pres: 


ses 
Rotex Sifter, 21x41” 
Baker-Perkins 200 gal we 


xers 
Baker-Perkins 7 gal we 

Mixer 

nless Steel Kettles 20 to 200 gal. In Stock 


AARON EQUIPMENT CO. ctadstone 


9370 Byron St., Schiller Park, Ill. 
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/EQUIRMENT COMPANY,# 
S. S. Rea bssure 
Baker 0 gat 50 HP 
ee both $.S ket vacuum hydr. tilt 
BI bs. 
50 
fee 
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56” x 72” Trayl 
mh ee No. | Sturtevant Rotary Fine Reduction 
ttre 2’ Symons Standard Cone Crusher 
ce 4’ Symons Standard Cone Crusher 
i 36" x 20’ Ruggles Coles Class XF-1! Rotary Dryer 
5’ x 30’ Ruggles Coles Class XA-8 Rotary Dryer 
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SAVE ON GOOD USED MACHINERY 

Centrifugals: 12”, 30”, 40” & 48”. 

Centrifuges: Sharrles #5 & #6 Stainless. 

Dryers: Albright ell 4x9 Atmos. Drum L { Q U | D A 


Buffalo Vac. Diem Dryer 24x20". 
Vac. Shelf, Atmos. & Rotary Dryers. 
Filters: Vallez 49 S. S. covered leaves. AT THE 
#2 Sweetland 12 Stainless Leaves. 


Filter Presses: 6” to 36’ Iron & Wood. 
Kettles: S.S. Jack. 20 to 500 gals. 

Dopp 350 gal. cast iron Jack. Vacuum. 

Devine ae Units 30” & 36” dia. 


Mills: ‘Raymond #00, 30 HP. & #0000. 
Mikro Pulverizers #4, 2, 1, & Bantam. BA LT IM Oo # F AA D 
Hammer Mills & Pulverizers 3 to 50 HP. ? e 
Ball & Jewell #2 Rotary Cutters & others 
ebble, Jar all Mills, . to 6’ 5 
9 Roll, 9 x a 12 x 30”, 16” x 40". CENTRIFUGAL BLOWERS 20 TOWERS from 2’6” to 
Mille 11 HP 41000CFM 28psia 3000HP Motor | | 16’ Dia., 20’ to 145’ high 
ers: er Per ns ac H i 
Day Imperial 20, 75 & 150 gals. : 22500CFM 1Spsia 2000HP Motor up to 300 psi 
ange Can Mixers 8, 15, als. 
Sturtev. 1 ton Drum Blender 10 HP. 
Blystone 3000# horiz. spiral mixer. 
ancaster a. , 3 HP. 
Pumps: St qt. cru. HEAT 
Pumps: Stokes etc. Vac. to i 
Gould 75 HP. Centrifugal 250 PSI. Admira ty Stee 
Sifters: fae Robinson etc. 100 to 7500 sq. ft. 
Tablet Machines: Stokes . 3 Rotary, also 
Single & Rotary 12” 
Plastic Rubber Sale. Presses. 


Partial listings. Write for Bulletins. 
5—Clark 500 H.P. RAS 
STEIN EQUIPT. CO. Gas Engine Driven 


h + OF kl n, 


X.P. Motors & Start 1500 R ders, Controllers 
YOUR SOURCE FOR GOOD BUYS 
Pipe, Valves and Fittings. Rotometers, Gauges, etc. 


Am. Horiz. Autoclave 34” x 36’ x 60”. 
Pfaudler 500 Gal. & 750 Gal. G.L. Reactors. 


from 2’ x 4’ to 12’ x 50’, 
Pressures up to 350 psi 


50 PRESSURE VESSELS | 


125 CENTRIFUGAL PUMPS 
70 to 1200 GPM, 

at 17 to 910’ head 

X.P. Motor or Turbine Driven 


HP Motors. Most Equipment New Since 1954 
Rotex Sifter 40’ x 84” w/1!/2 HP Motor. ; ion invi j j 
Fletcher 30" S.S. & Tolhurst 40” Sus. Con- Write—Wire—Phone—Dickens 2-0224 

rifugals 
eres See Site Office—Boston & Haven Sts., P. 0. Box 5203, Baltimore 24, Md. 


individual items or complete plants. 
Write or telephone: 


THE MACHINERY & EQUIPMENT CORP. SELECTED STOCK ITEMS 


Newark 12, N. J. TAlbot 4-2050 J 
15—ROTARY KILNS, Dryers, Coolers, 11’x155’; 10—TYLER-HUMMER Screens, 4’x6’; 4x8’, 
8'x125'; 8'x100'; 8'8x70'; 8’x50'; 7’x60'; 110,000 gal. Propane Tank 200 PSI. 
OVER 5,000 MACHINES IN STOCK 5'x24'; 4’x25'; 2'x30’. 8—EVAPORATORS, 500 to 15,000 sq. ft. 
FOR EVERY INDUSTRY AND PURPOSE 2—STEAM TUBE DRYERS 6'x50° & 6'x25’. 1—PFAUDLER 750 gal., glass lined, jacketed, 
© Wrappers m © Mixers 1—50 gal. S.S. Jktd., Agit., Reactor. agitated Reactor, 15 HP motor. 
1—GAYCO 14’ Air Separator. 1—PFAUDLER 200 gal., 
Shere 3—SWENSON-WALKER 24x20’ double !—COLUMN nickel clad 6'x27", 200 PSI. 
© Filter presses © Cappers spiral, jacketed Crystallizers, 2 HP. 1—REACTOR 750 gal. jkt. 300 PSI. 
2—STOKES DDS-2 Tablet Presses. 1—B, & J. Rotary Cutter 30 HP XP. 
3—ROTO LOUVRE DRYERS Link Belt steel 8—JEFFREY Hammer Mills, 15”x8”; 20x12”; 
502-16, 705-24; stainless 604-24. 24x18” motor driven. 
UNION STANDARD EQUIPMENT CO. | 2-20 TON/DAY CHEMICO SULPHURIC ACID CONTACT PLANTS | 
318-322 Lafayette St., New York 12, N. Y. 
Phone: Canal 6-5333-4-5-6 4—316 STAINLESS STEEL Condensers 315  1—HARDINGE 8’x30” Conical Ball Mill. 
sq. ft., 156—1"'x8" tubes. 2—FLETCHER 40” Steel Centrifugals, Susp. 
FOR SALE 5—CUPRO-NICKEL Heat Exchangers; 177; 1—FLETCHER 30” stainless Centrifugal, 
St i I Hu r Screen 346; 1035; 2330; 5200 sq. ft. Susp., perforated basket, vaportite. 
CA 34” 1—INDUSTRIAL Type SS-2 stainless Pressure 2—OLIVER 5’3’’x3’ Precoat Filters, 316 S.S. 
40 Mesh—New Condition —75 Available 2—SHARPLES C-20 S.S. Super-D-Hydrators. 
3—SWEETLAND #10, #12 Pressure Filters PN-14 Super-D-Canters S.S. 
Woodward |-8277 3—RAYMOND 5 Roll low-side Mills. 4—KOMAREK- GREAVES 27x23" Briquetting 


1—RAYMOND 30” dbl. Whizzer Separator. Presses, Feeders & 75 HP motors. 


Mr wauiPaent an New York Office—60 East 42nd Street, New York 17, 


123 Townsend St. « San Francisco 7, Calif. Tulsa Office—306 Thompson Blidg., Tulsa 3, ot dag 
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STOCK ITEMS 


ROTARY KILNS—DRYERS 


1—7'6" x 42’ Kiln, 42” shell. 

10’ comb. chamber, UNUSED. 
x 155’ Traylor, %” shell Kiln. 
x 100’ Vulcan, %” shell Kiln. 
1—8’ x 170° %” shell, 3-tire Kiln. 
1—8’ x 115’, %” shell, 2-tire Kiln. 
2—8° x 50° Vulcan, %” shell Kilns. 
2—7°6” x 100’, 42” shell Kilns. 

2—6’ x 60° %” shell Kilns. 
1—4’ x 24’, 2-tire Kiln. 
4—Hardinge 8'8” x 70’ Dbl. shell dryers, 

#XA-18, welded, 42” shell. 
1—7'6" x 65° dryer. welded shell. 
1—Allis Chalmers 7 x 50° 
1—6’ x 50° Louisville dryez. 
6—Steel dryers: x 50’, 49” x 32’, 

4'6” x 40°, 4°6” x 32’, 4’ x 30’, 3’ x 15’. 
2—Stainless dryers: 4'6” x 12’, 3° x 10’. 


TANKS 


1—8000 gal. T304 SS, vert. 

12—4500 gal. nickel-clad, vert. 1254. 
1--3000 gal. alum., vert., open. 
1—10,500 gal., T304 SS, horiz., UN- 

USED, dished heads. 

2—5700 gal., T304 SS, horiz., UNUSED 

4—Vacuum tenks w/coils, T304 SS: 
3700, 3000, 2350, 1750 gal. 

1—3400 gal., T304 SS, horiz. 

1—2090 gal., T316 SS, hopper. 

8—1750 gal., T304 SS, hoppers. 
1—1400 gal., T316 SS, ASME 175+. 


CENTRIFUGALS, BASKET 


1—48” A.T.&M. susp., T304 SS pert. 

6—40” A.T.4M. Susp., T304 SS Solid 
basket, 40 HP, 1952. 

1—40” Bird, susp. steel, imperf. 

1—36” Tolhurst, bronze center-slung. 

2—30” A.T.&M. susp., T304 SS. 

1—30” Fletcher, underdriven, T304 £S. 

I—26” Fletcher, underdriven, T316 SS. 

1—26” Tolhurst, susp., steel perf. 

1—12” Fletcher, underdriven, T304 SS. 


CENTRIFUGALS, CONTINUOUS 


4—Sharples Super-D-Hydrators, C-20 
C-27, T316 SS, monel. 

2—Sharples PN-14 Super-D-Canters. 

7—Sharples #16, T3604 SS. 

2—Sharples #18V, vapor-tite. 

1—Bird 18” x 28” horiz., T304 SS. 

3—Bird 24” x 24”, slotted screen monel. 

1—Bird 32” x 50” horiz., T316 SS. 

2—DeLaval #BUH-3930, T304 SS. 


DRYERS, VACUUM SHELF 


1—356 sq. ft. Devine, Steel. 
2—108 sq. ft. Anderson, T316 SS. 
2— 80 sq. ft. Devine, UNUSED. 
1— 36 sq. ft. Stokes, Steei. 

1— 24 sq. ft. Stokes, Steel. 

1— 12 aq. ft. Stokes, Steel. 


PERR 


$3,000,000.00 
LIQUIDATION 


1—108” dia. Vulean scrubber, 10 trays on 12” centers, 252—bubble caps per tray. 
1—96” dia. x 13’ high scrubber, 10 stainless steel trays on 12” centers, 27 
ame - dia. x 35’ high bubble cap columns, 30 trays, 12’ spacing, 272—caps per tray. 


340" dia. columns, 30 & 25 trays, bubble T316 SS. 
3—30” dia. packed columns, 25’ or T316 S: 

4—24” dia. bubble cap columns, 12 trays, T316 SS, 18” spacing.—Vacuum. 
2—20” dia. stainless steel columns, 25’ & 30’ high. 


2—Bird-Young 4’ dia. x 3’ face rotary Vacuum filters, T316 SS, 40 sq. ft 
3—Sharples C-20 Super-D-Hydrators T316 SS. 

1—Alco 60 sq. ft. vertical pressure leaf filter, T316 SS. 

3—18,000 gal. Aluminum Cone bottom 12’ 31’ O.A.H. 
4—1200 gallon Crystallizers, T316 SS, 5’ dia. x 7’ i dished top, conical bottom. 
7—560 gallon Crystallizers, T316 SS, re" dia. x 7" hig 

3—Wort ion 160 Ton steam jet nen’, units. 

1—Pneumatic Conveyor System, approx. 1150’ 10” dia. Aluminum Pipe. 


4—-3,500 gal. jacketed kettles, 7’ dia. x 12’ high, T316 SS, A al shell, dished heads, 11 


peed a 
1—2,500 gal. 6° dia. x 12’ high, T316 SS, horiz. still kettle. 
3—1,000 gal. 5’6” dia. x 6’ high, T316 SS, int. coils, turbine agit. 


1—17,650 gal. 9° dia. x 36’ long, T316 shell, 4%" heads w/coil. 
2—7,500 gal. 10° dia. x 13’ A. 

2—6,500 gal. 11’ dia. x 7° hi ‘T316 SS, shell, heads. 

12—2,300 gal. 7’ dia. x 8’ hig 

2—2,000 gal., O.D. x 8’ long, shell. 

5—1,100 gal. a dia. x 6’ high, T316 SS, w/coils, with agitator. 

4—1,200 h, top, 42” deep conical tanks). 


1—1,450 sq. ft. condenser, stainless steel tubes, tube sheets, heads, and baffles. 
1—1,200 sq. ft. condenser, stainless steel tubes, steel she 

14—750 & 800 sq. ft. stainless steel seutongon, vertical, T316 SS tubes and heads. 
9—Condensers 356, 400, 410, and 550 16 

5—Calandrias, 140, 145, 150, 157, 250, 
11—Exchangers 64, 70, 75, 80, 100 sq. ft., T31 
12—Exchangers 20, 30, 47, 50, 52, 54 sq. ft., Tale Ss. 


000—T316 SS fire & 1", 2”, 3”, ete. 
2,000—Valves, 


Type 316 Stainless Steel Equipment 
CHEMICAL PLANT—ORANGE, TEXAS 


STAINLESS STEEL COLUMNS 


—60" dia. x 13’ high, Vulcan scrubbers, 4" shell, 10 weve. 100—caps per tray. 


COPPER COLUMNS 


dia. Vulcan bubble cap copper column, 46°10" high, 40—trays.—Vacuum. 
dia. bubble cap copper columns, 25 & 40 trays, 31’ & 45’ high.— Vacuum. 
dia. Vulcan stills, 66 high. (Evaporator bodys). 

dia. column, 25’842" long, 20 trays. 


FILTERS—CRYSTALLIZERS 


Ih, dished top, conical bottom. 


TYPE 316 STAINLESS STEEL KETTLES 


turns coil, two-s itator, 40/20 HP-1750/500 RP 


TYPE 316 STAINLESS STEEL TANKS 


. T316 SS, 2” shell, w/10 HP SE agit. 
T316 SS, %4" shell, coils (some with agitator). 


CONDENSERS—HEAT EXCHANGERS—CALANDRIAS—COOLERS 


T316 Ss. 


MISCELLANEOUS EQUIPMENT 


316 SS, up to 10”. 
40—Stainless steel] pumps, 1” to 6, 1 HP to 20 HP. 

3—Steel columns: 48°, 30”, 20” dia. 

2—St. St. bucket elevators, 62’ and 45 high. 

4—Stainless steel screw conveyors and chutes. 

1—2,000 gal. aluminum t * dia. x 10° high, coils. 

25—Stainless steel steam jet evactors and ejectors. 

18—Separators, T316 SS, 22” x 8’ overall depth, cone type. 

ee #21 jet vacuum air pump, capacity 50% per hour. 

lso Stainless steel valves, pipes, steel tanks, pumps, stainless ‘agheters, etc. 


EQUIPMENT CORPORATION 


1413-21 N. SIXTH ST. PHILADELPHIA 22, PA.. 


Phone PO plar 3-3505 
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1—72" 
2—48” 
1—24 
at ee anks and Pots from 10 gal. to gal. sizes, vertical and horizontal, dished heads. 
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LOOK BACK on this fact 


—for long years there's been one — 
outstanding name in Chemical 


Processing Equipment for 
Dependability and Value 


3—Dorco 6’ x 2’ rubber covered filters 

1—Patterson jacketed vacuum SS sigma blade mixer, 300 gal. 
working capac 

1—tLink Belt Model 1003-30 roto louvre dryer. 

3—touisville SS rotary dryers, 8’ x 50’ 


AUTOCLAVES, KETTLES AND REACTORS 


1—Steel & Alloy Tank Co. type 347 SS, 200 gal. jacketed autoclave, 
250# internal and jacket pressures 

1—Steel & Alloy Tank Co. 125 gal. type 347 SS, jacketed autoclave, 
250# internal and jacket pressures 

Te coe woven Tank Co. 100 gal., type 347 SS, pressure tanks, 
250 

1—Steel & Alloy Tank Co. 300 gal., type 347 SS, pressure tanks, 
250# pressure 

1—Blaw-Knox 400 gal. steel jacketed autoclave, 570# internal 
pressure, 85# jacket 

1—Columbia Engineering high pressure storage tank, 2400 gal., 
265# working pressure 

1—Dover Tank Co. horizontal 4000 gal. nickel tank, 30 psi 

2—Pfaudler type 316 SS, 700 gal. jacketed kettles with condensers, 
columns and receivers 


DRYERS 

4—Link Belt steel roto louver dryers, Model 207-10, 310-16, 310-20, 
604-20 

1—Buflovak double drum dryer, 42” x 120” 

1—Stokes Model 59DS steel rotary vacuum dryer, 5’ x 30’ 

1—Stokes double drum dryer, 5’ x 12’ 

1—Louisville rotary steam tube dryer, 8’ x 45’ 

1—Louisville SS rotary kiln, 30” x 28”, complete 

1—Stokes SS rotary vacuum dryer, 2’ x 6’ 

6—Stokes steel jacketed rotary vacuum dryers, 3’ x 15’ 

1—Louisville SS rotary dryer. 8’ x 50’ 

1—Louisville rotary dryer, 38” x 40’, Type L 


FILTERS 


1—Oliver horizontal filter, 6'6” 

1—Sweetland #3 SS filter 

1—Niagara SS filter, Model 510-28 

1—Oliver horizontal filter, 3’ 

1—Feinc SS rotary vacuum string filter, 3’ x 3’ (NEW) 
10—Shriver plate and frame filter presses, 12" to 42” 
12—Sweetland #12 filters with 72 SS leaves 

1—Shriver rubber lined filter press, 36” x 36” 


MIXERS 


3—Robinson type 316 SS sigma type jacketed heavy duty mixers, 
400 gal. 

5—Baker Perkins double arm sigma blade mixers, 100 gal. 
1—Patterson monel double cone blender, 4 cu. ft. 
19—Robinson SS horizontal blenders, 255 cu. ft. 

1—12” x 4’, type 316 SS, Pug Mixer 

1—Reitz Thermascrew, SS, Model TJMK2-12x8 
1—Munson rotary blender, 40 cu. ft. 
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MISCELLANEOUS 


2—Heat Transfer Products steel bubble cap columns, 36” and 42” 
with 5 and 10 trays 

1—Acme steel bubble cap column, 42” dia. with 10 trays 

2—Patterson-Kelley steel heat exchangers, 1000 sq. ft. each 

6—Struthers Wells heat exchangers, 885 sq. ft. 

1—Patterson-Kelley steel heat exchanger, 427 sq. ft. 

50—Steel heat exchangers from 15 sq. ft. to 400 sq. ft. 
1—Struthers Wells type 316 SS heat exchanger, 330 sq. ft. 
10—Davis Engineering type 316 SS heat seen 85 sq. ft. to 

170 sq. ft. (NEW) 

1—Badger type 316 SS bubble cap column, 42” dia. with 11 trays 

1—Badger type 316 SS bubble cap column, 36” dia. with 8 trays 

1—Vulcan SS bubble cap column, 4’ x 28 plates 

3—Robins shaker screens, S. S. 3’ x 6’ 

1—Stokes Model DDS2 rotary tablet press 

1—Struthers Wells SS calandria type evaporator, 365 sq. {t, 

1—Swenson type 316 SS vacuum crystallizer, 3'6" x 12’ 

1—Swenson type 316 SS vacuum crystallizer, 2’ x 12’ 

1—Swenson single effect evaporator, SS, 320 sq. ft. 

1—Blaw-Knox steel distillation column, 36” x 40’ with 24 trays, 
complete, (NEW) 

3—Williams type 316 SS hammermills, Model AK 

1—Mikro Model 4th pulverizer 

7—Milton Roy proportioning pumps, S. S. 1/2 GPH to 156 GPH 

1—Ames 300 HP steam generator, 150# 

1—Cleaver-Brooks 500 HP package steam generator, 200# 


2—Pfaudler type 316 SS 750 gal. jacketed vacuum reactors 

9—Alco type 316 SS jacketed reactors, 3000 gal., complete 
with agitators and drives 

2—Struthers Wells type 316 SS jacketed reactors, 3500 
gal., complete with coils, agitators and drives 

1—Bowen SS Laboratory spray dryer 


Established 1856 | 
| 


CHEMICAL, RusaeR, OIL, PLASTIC and FOOD PROCESSING MACHINERY 


u, S.HIGHWAY No.22, 


CuemicaL Encineerinc—June 15, 1959 


UNION,N.J. 


MUrdock 6-4900 


m 
| 
eee G E L B | . 
‘ 
- 
| GEIR 
| A i. | 
. | 
281 


READER SERVICE... 


Fairbanks-Morse INDEX OF 


Electronic 
Weig ht Detector 


Month after month you'll 
find industry’s most pro- 
gressive firms among our 
ad pages. 

Use this index to keep in 


touch with what they’re 
offering that'll help you in 
fi Time Control permits varying elp youl 
time of control actuation. your job. 
Sensitivity Control permits 
adjusting to meet operating 
conditions. Abbe Engineering Co........... 269 
Air Preheater Corp............ 116 
Agee. Div. of Stewart-Warner 
Allied Chemical Corp. 
(Baker & Adamson) General 
Allied Chemical Corp. 
National Aniline Div......... 195 


Allis-Chalmers Mfg. Co. 
General Machinery Div...221, 223 
225, , 229 


Allis-Chalmers Mfg. Co. 


he Hydraulic Division........... 231 
110 
f Alloy Steel Products Co......... 237 
(s Aluminum Co. of America 
fe 7-10 
213 
t American Air Liquide Engineer- 

ing & Construction Div...... 262 


Aen Machine and Metals, 


Babcock & Wilcox Co., Tubular 
Products Div., Fittings Dept.. 122 


93 
Baldwin-Hill 117 
Barber-Colman Co............. 111 


Advertising Sales 


Prevents incorrect weighing ... stops costly errors! 


Representatives 
With the new Electronic Weight — kind available in the scale industry. si 
Detector, true weight of any load To completely automate your 
can be automatically obtained weighing—to be sure that your Rhedes-Hverty Bldg., 36951 


and recorded without need of a 


weights are correct—to protect 


weighman. Where a weighman is yourself by completely policing Michigun “Gridley, 
used, it is impossible for him to your entire weighing operation— Cleveland 19. J. Biel 
record incorrect weights or start contact your nearby Fairbanks- 
a sequence at the wrong time. Morse Field Engineer, or write Vaughn Bidg., 1712 ee ee 
When desired, a flip of the switch _ directly to Fairbanks, Morse & EEE et A me 5 John Patten 
can disengage the Weight Detec- Co., 600 South Michigan Ave., 


856 Penobscot Bldg. 


tor entirely from the system. This Chicago 5, Illinois for complete 


. ° Frankfort/Main............ Michael R. Zeynel 
is the first fully-reliable control ofits information. Westendstrasse 
EC4.... E. E. Schirmer 
5 Farrington St. 
See Sweet's Plant Engineering File for full line of F-M Scales Los Angeles 17............... John B. Uphoft 
1125 W. St 
New York 36..R. G. Frederick, A regory, 
John R. Emery 
500 Fifth Ave. OXford 5-5959 
AI RBAN KS- ORSE Philadelphia E. M. Schellenger 
h b h ‘ 6 Plaza LOcust 
name worth rem i in 
e wo emembering when you want the BEST Oliver Bldg. Exess 
Rr W. C. Woolston 
SCALES « PUMPS e DIESEL, DUAL FUEL AND GAS ENGINES e ELECTRIC MOTORS €: a St. jPOvales 2-4600 
GENERATORS COMPRESSORS MAGNETOS HOME WATER SYSTEMS M. Rodger, Jr. 
3617 ‘Olive St. rson 5-4867 
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The problem: How to 
4 ADVERTISERS handle a hot inflammable 


liquid under high 
pressure safely 


ee Foundry & Machine pom 


Buell Engineering Co........... 
191 


Chemical Construction Corp... 6 2 
Cherry-Burrell Corp........... 113 


ga & Power Products, 


amma Fuel & Iron Corp..... 
Consolidated Electrodynamics.. 222 


Dean Products, Inc. 
Dean Thermo-Panel Coil Div. 270 


Delhi-Taylor Oil Corp.......... 197 
Dings Magnetic Separator Co... 273 
Dow Oorning 261 
Dracco Div. of The Fuller Co... 66 
Ducon Company, Inc., The...... 271 


duPont de Nemours & Co., 


Polychemicals Dept. 


265 G-B Supplied the answer 
Durametallic 263 
Duriron Company, Inc., The... 209 ith th j V il 
Dustex 269 Wi ese iarge Valiez 
Eagle Picher Co................ 48 ‘i 1 
Rotating Leaf Pressure Filters 
Eaton-Dikeman Co. ........... 270 
Eco Engineering Co............ 125 
we .. 232 These large Vallez Rotating Leaf Pressure 
Englehard Industries, Inc...... 24-25 Filters were designed especially for the new 
Vairessnt Machinery Co........ 266 plant at Adams Terminal, Texas. 
Falls Industries, —a PERS 207 These filters are supplied with a special 
Federated Metals D steam jacket to keep the contents h 

American Smelting & Refining 255 and 
Filtration Engi designed to operate at 160 psig. Special em- 

phasis was given throughout the designing and 
Pischer & Porter 123 
Fisher Governor Co............ 49 fabrication of these filters to handle a hot 
ae 85 inflammable liquid under high pressure safely. 
This is typical of G-B engineering know-how. 
ven G-B Engineers are at your service to discuss 
& Fttings D y 

H. K. Porter Company, Inc... 216 your processing problems without cost or 


Gardner-Denver Co......... 
Garlock Packing Co........:«. 26-27 
67 


General Electric Co. 

Computer Division........... 47 GOSLIN- BIRMINGHAM. 
Goslin-Birmingham Mfg. Co... 283 ; 
GPE Controls, Inc............. 20-21 MANUFACTURING CO. INC. 
Graver Tank & Mfg. Co........ 58 BIRMINGHAM, ALABAMA 
Grinnell Company, Inc......... 42 

FILTERS e EVAPORATORS 

Hamer Valves, 226 
Hammond Iron Works.......... 271 PROCESS EQUIPMENT 

Saahen Chemical Co.......... 46 including HEAVY CASTINGS 
Haveg Industries, Inc.......... 18-19 
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Bethlehem Steel Co............ 50 
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ADVERTISERS . 
CONSIDER BETHLEHEM'S 
so vears or EXPERIENCE 


Instruments, Inc............... 267 
International Nickel Co........ 33 
I-T-E Circuit Breaker Co..... 40-41 
Jamesbury Corp................ 245 
Jerguson Gage & Valve Co.... 259 
Mig. Co. C.M.........5 203 
214, 215 
Kennedy Van Saun Mfg. & 
28-29 
Kinney Engineers, Inc., S. P 275 
Layne & Bowler, Inc........... 37 
Mack Iron Works Co........... 274 


Mallory-Sharon Metals Corp... 124 
Manning & Lewis Engineering 
Co. 244 


Gaulin Mfg. Co........ 238 

1. Ductile iron gears. Mark & Co., Clayton........... 246 

2. Reactor Cover of cast iron 8 77 

rsh Instrument Co.......... 269 

3. Caustic (and other direct Mine Safety Appliance Co...... 43 

fired) pots of ductile and Minneapolis-Honeywell ....... 30-31 
grey iron. Mixing Equipment Co. 

Fourth Cover 

Modern Welding Co............ 62 


Multi-Metal Wire Cloth Co.... 263 


TO ASSURE SUPERIOR National Filter Metis Corp... 251 
GREY OR DUCTILE IRON CASTINGS ae 
AT LOWER COSTS. 


Patterson-Kelley Co........... 72-73 
Consider BETHLEHEM’S methods of molding to cut Food Ma- 

° chinery & Chemical Corp.. 52 
the cost of your grey iron or ductile iron castings La .....,.. ne 
machine, dry and green sand, and loam. 

Phoenix Mfg. 109 
Need toughness and strength of steel and yet qualities Pittsburgh Coke & Chemical Co. 63 
> Pittsburgh Corning Corp....... 104 
of cast iron?—try BETHLEHEM’S ductile iron. 273 
Pressed Steel Tank Co.......... 13 
Since performance and cost are a function of experi- Proctor & Schwartz, Inc........ 103 
> Pure Carbonic Co.............. 240 
ence, consider BETHLEHEM’S experience which began 
with birth of chemical industry in United States. Plastics Products Div......... 228 
Reliance Electric & Engrg. Co., 
° ie Reeves Pulley Co. Div........ 59 
Our repeat business is high because of our standards. Republic Steel Corp............ 22-23 
BETHLEHEM can furnish rough or fully machined Robertshaw -Pulton Controls Co. 
castings— WwW ilities. Syiphon 
ell equipped facilities Rochester Mfg. 114 
Rockwell Mfg. 45 
Ti Rockwell Mfg. Co. 
Write for our Catalog #401 on castings. 
Rockwood Sprinkler Co........ 65 
Se Roots-Connersville Blower Div., 
i-2 T i | Dresser Industries, Inc....... 51 


Safety Industries, Inc. 
Entoleter Division............ 267 


FOUNDRY & MACHINE CoO. 


284 June 15, 1959—Cuemicat ENGINEERING 


ae Manning, Maxwell & Moore. 
— 
Ae 
| 
‘ion 
ae 


INDUSTRIAL ENGINEERED EQUIPMENT 


for liquid Clarification - Recovery - Treatment 


RESEARCH & DEVELOPMENT TEST CENTER 


COMPATABILITY of the filtering equipment with the filter- 
ing job is the reason why operators rely on Industrial for low- 
cost destruction of toxic waste, or for clarification, recovery 
or treatment within the system. 

Why not investigate Industrial’s Engineering Survey Serv- 
ice? .. . for a thorough appraisal of your needs by qualified 
chemists and engineers. Write for details and .. . 

See our advertisement PP1263—1268 in the 1958-59 
Chemical Engineering Catalog. 


INDUSTRIAL FILTER & PUMP MFG. CO. 


ee 5918 Ogden Ave., Cicero 50, ILLINOIS 
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ADVERTISERS . 


270 
Technology Laboratories, 

& Co. D. 247 
Spray Engineering Co.......... 219 
Spraying Systems Co........... 230 
Sprout, Waldron & Co.......... 44 
108 
Stokes Corp., F. J.......... 112, 286 
Strong Scott Mfg. Co.......... 101 


Strong, Carlisle & Hammond... 242 
Sun Shipbuilding & Drydock Co. 97 


Sturtevant Mill Co............. 274 
Swenson Co. 

Div. of Whiting Corp......... 95 
Taylor Instrument Companies.. 54 
Texas Gulf Sulphur Co......... 53 
Thermal Research & Engrg. 

Thermo Electric Co............ 12 
Toledo Scale Div. of Toledo 


Union Carbide Chemicals Co., 
Div. of Union Carbide Corp... 83 


Union Carbide Corp. Silicones 


Union Steel 99 
U. S. Industrial Chemicals Co. 

Div. of National Distillers & 

Chemicals Corp....... 217-218 
U.S. Steel Co. 

American Bridge Div........ 38-39 

National Tube Div........... 288 

Stainless Steel Div........... 87 
Vilter Manufacturing Co....... 268 

At Warner-Chilcott Laboratories Vogt Machine Co., Henry....... 126 
Westinghouse Electric Corp..... 275 
Western Precipitation Corp..... 106 


ee 53 
Stokes ‘‘Tornado’’ Mills Wiegand Co, 231 


Protective Coating on 


Division of ACF Indus- 
raise efficiency, lower costs 


Wyandotte Chemicals Co. 


Michigan Alkali Div.......... 224 
Two Stokes ‘“‘Tornado” mills installed at Warner-Chilcott 81 
Division of Warner Lambert Pharmaceutical Co. are paying 
big dividends in the preparation of Gelusil, an antacid, absorb- Professional Service® arising °° 
ent tablet. For example: F. J. Eberle, Business Mer. 
276 
@ “Tornado” mills consume less power (a 7% hp motor does same Dhscrtinnsi ee er 
work as unit with 15 hp motor) 278 
@ larger production capacity is obtained by durable, non-clogging wand or turpies New) 
@ unique design insures excellent uniformity, minimizes “fines”, actually 
d Aaron Equipment Company...... 278 
oubles efficiency of drying ovens American Air Compressor Corp.. 276 
Why not find out how the Stokes ‘“Tornado” mill can increase Camden Borge Company......... 398 
the efficiency of your operations. The Stokes Advisory Service 
will be glad to run tests on a sample of your material . . . at no Giche “Senibae’ Goamsany. “1278-279 
obligation. Call or write Stokes . . . today. 
278 


Loeb Equipment Supply Company. 278 
& Equipment Com- 

& Equipment Corp.. 279 
Monerat 
Perry Equipment Corporation.... 280 


Pharmaceutical Equipment Division 

Samuel Sons Iron & Steel Co..... 276 
5500 Tabor Road, Philadelphia 20, Pa. Stein Equipment Company....... 279 
278 

Union Standard Equipment Com- 
279 
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Get CF«I-Claymont Heads... 


in many metals, shapes and sizes 


Shapes—standard and ASME flanged and dished, conical, 
elliptical, hemispherical and special shapes as required 


To heavy equipment fabricators and users, the CF«I 
‘giant steelman stands for the many types of steel plate 
and plate products manufactured in our Claymont Diameters—up to 19 feet (spun) or 10 feet (pressed) 


plant. One ofthese quality productsis CF«I-Claymont 
Heads— produced from blast furnace to finished prod- Gages—up to 6 inches 
uct in CF&l’s own plants. Claymont Heads are If you fabricate or use tank cars, pressure vessels, 
available in all these metals, shapes and sizes: processing equipment, or any other equipment that 
Steels—carbon, alloy, stainless, stainless-clad requires heads, order from Claymont. Many common 
Other Metals—aluminum alloys, brass, bronze, copper, head shapes and sizes, in carbon steel, are stocked 
Hastelloy, Inconel, Monel, other metals supplied by for quick delivery at CFa&I warehouses located 
customers coast-to-coast. 
CF&I-CLAYMONT PRODUCTS: Carbon Steel Plates « Alloy Steel Plates » CF&I Lectro-Clad 


Nickel Plated Steel Plates « Clay-Loy High Strength Low Alloy Steel Plates « Flanged and Dished 
Heads» Manhole Fittings and Covers « Fabricated Steel Plate Products « Large Diameter API Pipe 


Claymont Steel Products 


THE COLORADO FUEL AND IRON CORPORATION STEELZE 


In the West: THE COLORADO FUEL AND IRON CORPORATION—Albuquerque * Amarillo + Billings * Boise * Butte * Denver * El Paso * Farmington (N. M.) * Ft. Worth * Houston 

Kansas City * Lincoln * Los Angeles * Oakland * Odessa * Oklahoma City + Phoenix * Portland (Ore.) * Pueblo + Salt Lake City * San Francisco * San leandro * Seattle 

Spokane * Tulsa * Wichita * In the East: WICKWIRE SPENCER STEEL DIVISION—Atlanta * Boston * Buffalo * Chicago * Detroit * New Orleans * New York * Philadelphia 
CF&I OFFICE IN CANADA: Montreal * CANADIAN REPRESENTATIVES AT: Calgary + Edmonton * Vancouver * Winnipeg 
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National PVC Pipe 

cuts maintenance costs, 
transports chemicals 
Safely | 


USS National Polyvinyl Chloride Pipe offers trouble-free 
performance, because it resists chemical attack, 

does not permit build up of internal deposits, 

installs easily and has a low initial cost. What’s more, 
National PVC Pipe does not contaminate sensitive 
solutions. 

USS National Polyvinyl Chloride Pipe has a variety 

of uses in the chemical industry, because it handles 
acids, alkalies, salt solutions and alcohols with the 
same impunity with which it transports water. 

Two types of USS National PVC Pipe are available: 
Normal Impact—for installations requiring the highest 
chemical resistance attainable, together with high 
strength and excellent creep resistance. 

High Impact—for installations requiring excellent 
chemical resistance and a high degree of toughness, 
even at low temperatures. 

USS National PVC Pipe comes in sizes from 14 inch 
to 14 inches in diameter, and in Schedules A, 

40, 80 and 120. 

If you'd like more information, write to National 

Tube Division, United States Steel, 525 William 

Penn Place, Pittsburgh 30, Pa. Ask for Bulletin No. 24. 


USS and National are registered trademarks 


National Tube 
Division of 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors 
United States Stee! Export Company, New York 
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PUMPS IT! 


Versatility in the handling of 
corrosives is only part of the 

Wilfley story. Add to this — low 
maintenance costs, continuous, 
trouble-free operation, higher out- 
put, and longer pump life. Important, 
too, is the fact that every Wilfley 
installation is job-engineered to give 
you maximum efficiency and economy. 


Pumping parts are available in a variety of 
metal alloys, as well as plastics, to cover 
a wide range of corrosive applications. 


Acid Pum, 


Write, wire, or phone for complete information ae “COMPANIONS IN ECONOMICAL OPERATION” 


Sand 


Individual Engineering on Every 
Application 


Whee 


DENVER, COLORADO, U.S.A.. P.O. BOX 2330 EW YORK OFFICE: 122 EAST 42ND ST., N.Y. city 17° 
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A message to every engineer who wants to 
keep fluid mixing costs down 


Don’t be fooled by /ow purchase price when you specify 
mechanical mixers for fluids. 

First cost is a very small fraction of your total mixing 
cost. 

To find the rea/ savings, look behind the price tag. 
Which mixer design will give you simplest, cheapest 
maintenance over the years? Most dependable month- 
in, month-out service? Greatest adaptability if mixing 


conditions change? Lowest spare-part requirements? 

These are the areas where you can rea/ly save money 
on fluid mixing. And here are some of the reasons why 
you can do it more surely with LIGHTNIN Mixers than 
with any other mixer available. 

For lower-cost fluid mixing, see your LIGHTNIN 
representative soon. He’s listed in Chemical Engineer- 
ing Catalog. Or write us direct. 


1. PROTECTED GEARING. Ever think what 
could happen to a mixer’s gearing if some- 
thing in the tank should accidentally damage 
the shaft? Shocks or flexures don’t reach the 
gears in a Series “E” LIGHTNIN Mixer. 
Hollow quill* (A) isolates gearing from 
shaft. Flexible coupling (B) transmits power 
from gears to shaft—soaks up mixer shaft 
loads. Mixer shaft (C) is easily removed with- 
out risk of disturbing gear alignment. 
*Patented 


2. EASIER, SAFER SEAL CHANGE. Car- 
tridge-type rotary mechanical seal} elimi- 
nates leakage under pressure or vacuum, 
runs for years without adjustment, and can 
be replaced in minutes without skilled man- 
power and without disturbing gearing or shaft 
alignment. Basis of this extra safety and con- 
venience is the hollow quill of the reducer, 
which lets mixer shaft move up and down 
freely. You get this construction only with 
LIGHTNIN Mixers. tPatent pending 


WHAT MIXING OPERATIONS 
ARE IMPORTANT TO YOU? 
You'll find a wealth of information 
on fluid mixing in these helpful 
bulletins descrioing LIGHTNIN 
Mixers: 


3. INTERCHANGEABLE SPEEDS. Should 
your mixing requirements ever change 
(within the mixer’s rated limits), you can 
quickly adapt your LIGHTNIN to meet the 
new needs. Change gearst provide as many 
as 16 standard AGMA output speeds from 
the same basic drive. You can change speeds 
without dismantling the mixer or removing 
it from the tank. This cost-cutting feature, 
like all the others shown on this page, is a » 
LIGHTNIN “first.” tPatented 


(1 Top or bottom entering; tur- 
bine, paddle, and propeller 
types: 1 to 500 HP (B-102) 

(CJ Top entering; propeller 
types: % to 3 HP (B-103) 

(J Portable: Ys to 3 HP (B-108) 

(CJ Confidential data sheet for 


figuring your mixer require- 
ments (B-107) 


( Laboratory and small-batch 
production types (B-1 12) 

( Condensed catalog showing 
all types (B-109) 

( Quick-change rotary me- 
chanical seals for pressure 
and vacuum mixing (B-111) 

(1) Side entering: 1 to 25 HP 
(B-104) 


Check, clip and mail with your name, title, company address to: 


MIXING EQUIPMENT Co., Inc., 128-f Mt. Read Blvd., Rochester 3, N. Y. 


In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronto 19, Ont, 


MIXCO fluid mixing specialists 
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